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ABSTRACT 
Habitat fragmentation, and the resulting increase in edge habitat, has important 
effects on birds, including the increased probability of nest predation, changes in habitat 
structure, and the increased presence of non-native plant species. It is critical to 
understand the effects of fragmentation at all stages of the avian life cycle, including the 
often overlooked postfledging period. Because much of juvenile mortality occurs during 
the immediate postfledging period, and juvenile mortality contributes substantially to 
population dynamics, it is necessary to understand if fledgling survival is reduced in edge 
habitats and if fledglings’ survival is influenced by their habitat use. During 2008 and 
2009 I radio-tracked 52 fledgling Spotted Towhees (Pipilo maculatus) during the 30-day 
postfledging period in a 24-ha urban park near Portland, Oregon. Thirty-six fledglings 
(69%) survived the 27-day tracking period (an estimated 62.1% survived the entire 30-
day postfledging period). At least 9 of 16 predation events were attributable to domestic 
cats (Felis domesticus) or Western Screech-owls (Megascops kennicottii). Although 
fledglings were more likely to be found near edges than the park interior, fledglings 
located closer to park edges had a higher probability of dying. However, I found that 
towhee nests were more likely to be found near edges, nests near edges produced more 
fledglings, and nestlings near edges were heavier. I used a STELLA-based stochastic 
model of nest success and fledgling survival to show that the benefits initially gained by 
nesting near edges were reversed during the postfledging period. The number of 
fledglings per nest that survived to the end of the 30-day postfledging period was 
significantly lower near edges than in the park interior. This apparent preference for 
 ii 
nesting near edges, paired with higher fledgling mortality near edges, is consistent with 
the idea that edges are ecological traps. 
Fledgling habitat was significantly more structurally dense and had a greater 
abundance of non-native plant species, particularly Himalayan Blackberry (Rubus 
armeniacus), than nest habitat. Towhees avoided English Ivy (Hedera helix) for both 
nesting and care of fledglings. However, fledgling survival was not related to vegetation 
characteristics, which suggests that increased fledgling mortality near edges was a direct 
result of increased predator abundance or predation near edges, and was not an artifact of 
changes in habitat near edges. My results help to establish that fledgling survival and the 
unique habitat requirements of fledglings should be considered along with nest success 
and nest habitat when examining the effects of habitat fragmentation on bird populations. 
More broadly, this study has important implications for conservation, as it exemplifies 
how phenomena such as ecological traps created by anthropogenic changes in the 
environment can be overlooked if only one life history stage is studied. 
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CHAPTER 1: Introduction 
Worldwide, the human population is expected to reach 7 billion in 2011, and 
climb to 9 billion by 2050. Much of the growth seen over the past 50 years can be 
attributed to increases in life expectancy in developing countries resulting from advances 
in public health and medicine (United Nations Population Division 2011). Over half of 
the world’s population now lives in cities and towns, and this figure is expected to rise to 
almost 70% in 2050. In North America and Latin America, the proportion of people 
living in urban areas is the highest in the world: 80-82%, with an expected increase to 89-
90% by 2050 (United Nations Population Division 2011). 
Urban expansion and the resulting loss and fragmentation of habitats have 
important effects on many species. In a review of the effects of urbanization on plants 
and animals, McKinney (2008) found that for mammals, reptiles, amphibians, 
invertebrates, and plants, species richness was reduced in core urban environments. The 
majority of studies of animals also found that species richness decreased with moderate 
urbanization (McKinney 2008). Marzluff (2001) reviewed the effects of urbanization on 
birds and found less consistent results. The most consistent effects of increasing 
settlement were increases in non-native birds, birds that can nest on buildings, and 
decreases in ground-nesting and species that occupy the interior of native habitat. 
Urbanization may even benefit some bird species that have less specific habitat needs and 
can use human-supplemented food to survive the winter (Marzluff 2001). Urban growth 
is only one of multiple contributors to habitat loss, but it is an ongoing and widespread 
phenomenon that is expected to continue into the future (United Nations 2010a, b). It is 
thus important that we develop a better understanding of how urban fragmentation affects 
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species because an enhanced ability to identify the features of remaining habitats that 
are most important to sustain species will help to determine if highly fragmented urban 
landscapes can support native populations. 
In an increasingly urban world (Marzluff 2001), parks and greenspaces may play 
a key role in providing habitat to support native populations. On the other hand, parks 
and greenspaces may also function as ecological traps, a situation in which either 
settlement cues and/or habitat quality have changed such that animals seemingly prefer to 
use low-quality habitat (Gates and Gysel 1978, Robertson and Hutto 2006). Traditionally, 
high abundances and diversity of native species have been used to identify high-quality 
habitat (Marzluff 2001). However, relying solely on abundance to assess habitat quality 
for species can be misleading (Van Horne 1983) because high abundances need not 
translate into high reproductive success (Vickery et al. 1992). Reproductive success, and 
especially survival of adults and independent young, while more difficult to measure than 
abundance, are more reliable measures of habitat quality and population viability. This 
may be especially true in human-dominated landscapes because anthropogenically 
disturbed habitats often act as ecological traps (Bock and Jones 2004). Only by 
documenting reproductive success and survival is it possible to determine if parks and 
greenspaces function as quality habitat. 
While birds face a variety of challenges in natural habitat, nest predation is widely 
recognized as the main cause of nest failure in birds (Ricklefs 1969, Martin 1993), and 
predation may be a particularly important factor influencing the productivity of birds in 
urban areas. For instance, as habitats become fragmented the proportion of the remaining 
habitat that becomes edge habitat inevitably increases. Urban parks and greenspaces are 
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typically small and are often dissected by trails that may create edge effects in otherwise 
interior locations. Predator activity and/or abundance is often high near habitat edges 
(Donovan et al. 1997, Heske et al. 1999, Bolger 2002), habitat corridors (Sinclair et al. 
2005), and trails (Miller and Hobbs 2000); consequently, it is not surprising that nest 
success is often lower near edges (Gates and Gysel 1978, Manolis et al. 2002) and in 
smaller habitat fragments (Andrén et al. 1985, Yahner and Scott 1988, Andrén 1992, 
Hinsley et al. 1999, Burke and Nol 2000, Zanette et al. 2000, Luck 2003). Moreover, nest 
predator abundance may be elevated in urban settings because of their release from 
predation by larger predators that generally disappear in small fragments (Crooks and 
Soulé 1999) and their ability to utilize resources inadvertently supplied by humans 
(Martin 1988, Haskell et al. 2001). Domestic cats (Felis domesticus) also pose a 
substantial threat to juvenile birds because cats are often highly abundant near residences 
and kill despite being well fed (by their owners). Cats may kill more juvenile birds than 
native predators (Balogh et al. 2011). Indeed, Crooks and Soulé (1999) found that cat 
abundance increased with decreasing fragment size, while Sinclair et al. (2005) 
determined that cats were more abundant in greenways with adjacent parking lots and 
roads. Balogh et al. (2011) also showed recently that cats were responsible for 47% of 
known predation events on fledgling Gray Catbirds (Dumatella carolinensis) in suburban 
areas (see also Baker et al. 2005). Thus, in parks and greenspaces that are adjacent to 
neighborhoods, cats may critically affect the sustainability of bird populations by preying 
on recently fledged and relatively immobile juvenile birds. 
Historically, nearly all studies of avian reproductive success have been based on 
nest productivity (i.e., number of young to leave the nest), but as the Balogh et al. (2011) 
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example showed, a complete accounting of reproductive success must also include 
survival until young become independent of their parents (Sullivan 1989). Hence, in 
recent years increasing numbers of studies have documented the survival of young in the 
postfledging period to better describe the vital rates that determine population viability. 
Sustainable populations, otherwise known as sources (Pulliam 1988), exist when local 
offspring production and survival is more than sufficient to offset adult mortality. 
Without measurement of reproductive success and survival it can be impossible to 
distinguish between population sources and sinks (i.e., offspring production and survival 
< adult mortality) because immigration into sinks can prevent local extinction (Pulliam 
1988). Identifying sources and sinks thus requires information on offspring production 
and subsequent survival of juveniles and adults. Of these, the survival of young between 
fledging and recruitment into the breeding population is the least well known. However, 
recent work on this issue suggests that mortality during the immediate postfledging 
period is likely much higher than what is experienced over the remainder of the year (e.g. 
Naef-Daenzer et al. 2001, Yackel Adams et al. 2001, Berkeley et al. 2007, Rush and 
Stutchbury 2008). In urban areas, the increased presence of predators near edges may 
unnaturally increase the already high mortality rates of fledgling birds. 
In addition to changes in predation pressure in urban areas, the altered 
environment found in urban areas may present other potential challenges for young birds, 
such as changes in habitat structure and the increased presence of non-native and invasive 
plant species (Marzluff 2001, Smith et al. 2006) that may ultimately affect fledglings’ 
ability to survive and contribute to the population growth of their species. Research on 
fledgling habitat use is relatively rare. In natural areas, young birds have been found in 
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areas that differ in vegetation composition from that of the nest site (White et al. 2005, 
Rush and Stutchbury 2008, Vega Rivera et al. 1998), and these differences have also 
been associated with fledgling survival (King et al. 2006). However, it is virtually 
unknown how fledglings use habitat in urban areas and if it differs from that of the nest 
site. The increased presence of invasive plant species in urban areas (Marzluff 2001, 
Smith et al. 2006) can create ecological traps for nesting birds (Rodewald et al. 2010), but 
it is unclear how non-native vegetation interacts with the fledglings’ ability to seek 
habitat that conceals them from predators, and if non-native vegetation is associated with 
fledgling survival (but see Ausprey and Rodewald 2011). 
Here, I describe the results of my two-year study, which focused on measuring the 
postfledging survival and habitat use of the Spotted Towhee (Pipilo maculatus), a 
ground-nesting and ground-foraging songbird, in an urban park in the Portland, Oregon 
metropolitan region. In Chapter 2, I (1) present towhee survival rates during the 
immediate postfledging period, (2) document causes of death and discuss major predators 
of fledglings, (3) explore factors that may influence fledgling survival, particularly 
proximity to park edges and trails, and (4) present evidence that park edges are beneficial 
for towhees during the nesting period, but ultimately function as ecological traps for 
towhees. In Chapter 3, I take an in-depth look at fledgling habitat use, and (1) explore 
differences in vegetation characteristics, particularly structural density and the presence 
of non-native plant species, among randomly located points, habitat used by adults for 
nest placement, and by fledglings during the first two weeks out of the nest, and (2) 
determine if vegetation composition influences fledgling survival. In Chapter 4, I review 
the major insights gleaned from the two previous chapters about avian ecology in urban 
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parks, and discuss conservation implications, potential management strategies, and 
directions for future study. 
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CHAPTER 2: Postfledging survival of Spotted Towhees (Pipilo maculatus) near 
urban park edges: evidence for an ecological trap 
 
INTRODUCTION 
Gates and Gysel (1978) were among the first to use the term “ecological trap” to 
refer to a situation in which animals seemingly preferred to use low quality habitat. 
Robertson and Hutto (2006) went on to describe two types of traps: the “equal-
preference” and “severe trap”. In the former, animals do not show a preference for 
available habitats and settle in all with equal probability despite the fact that at least some 
are of lower quality. In that individuals do not exercise choice, Pattern and Kelly (2010) 
argued that the term “trap” should not be applied to the situation that Robertson and 
Hutto (2006) described. True traps exist because animals differentiate among habitats and 
choose the ones where survival and/or reproductive success are low (Pattern and Kelly 
2010). Three mechanisms can lead to the existence of ecological traps: (1) settlement 
cues are altered such that a habitat increases in its attractiveness, but suitability does not 
change; (2) attractiveness of a habitat is unchanged but quality decreases; or (3) habitat 
attractiveness increases and quality decreases simultaneously (Robertson and Hutto 
2006). 
Examples of severe traps abound in the literature. For instance, Manatees 
(Trichechus manatus) gather in waters artificially heated by power plant effluent only to 
die when the effluent is turned off and temperatures drop (Packard et al. 1989). Adult 
dragonflies that are attracted to crude oil die when they land on it (Horváth et al. 1988). 
More commonly, poor choices over nest sites create ecological traps. Ries and Fagan 
(2003) showed that the Arizona Mantis (Stagmomantis limbata) placed most egg cases in 
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edge habitat where bird predation on them was greatest, while mayflies find asphalt 
more attractive as oviposition sites than water (Kriska et al. 1998). Snapping Turtle 
(Chelydra serpentina) use of cold nest sites near residential buildings, while not causing 
death, results in biased offspring sex ratios (Kolbe and Janzen 2002). 
Although clearly not taxon specific, most studies of ecological traps are of nesting 
birds, and their use of anthropogenically altered habitats. Expansive hayfields (Bollinger 
et al. 1990) or grass fields near airports (Kershner and Bollinger 1996) often attract high 
densities of breeding grassland birds that then experience nest failure when the fields are 
mowed. Birds sometimes also appear to prefer to place nests in exotic vegetation which, 
in some instances, leads to greater probability of nest predation (Remes 2003), even if 
only for a portion of the nesting season (Rodewald et al. 2010). Pattern and Kelly’s 
(2010) position aside, Chestnut-collared Longspurs (Calcarius ornatus) provide an 
example of Robertson and Hutto’s (2006) equal-preference trap: the birds showed equal 
use of habitats dominated by either exotic or native grasses despite the fact that nestling 
growth rates and nest success were lower in the former (Lloyd and Martin 2005). 
However, the ecological trap most often cited as affecting birds is that of habitat 
edge, created as a consequence of habitat fragmentation arising usually from either 
agriculture (Johnson and Temple 1990) or timber harvest (Flaspohler et al. 2001). Gates 
and Gysel (1978), Chasko and Gates (1982), Johnson and Temple (1990), Flaspohler et 
al. (2001), and Weldon and Haddad (2005) all found that birds preferred to nest near 
edges (based on age-class distribution of breeding adults, site fidelity, or nest density or 
abundance), but that nest success or number of young fledged was lowest near edges. The 
cause of the low nest success across all studies was elevated rates of nest predation, 
 9 
which occurs because some nest predators are apparently more abundant in edge 
habitats as first suggested by Gates and Gysel (1978). While mammalian predators 
appear equally abundant in edge and interior habitats (Heske 1995, Chalfoun et al. 2002), 
snakes (Blouin-Demers and Weatherhead 2001, Chalfoun et al. 2002), Brown-headed 
Cowbirds (Molothrus ater; Howell et al. 2007), and corvids (Andrén 1992, Niemuth and 
Boyce 1997, Marzluff et al. 2004) all appear to show preferences for forest edges. 
An important caveat to the study of ecological traps, noted by Robertson and 
Hutto (2006), is that changes in habitat or settlement cues that reduce fitness at one stage 
in the life cycle may not necessarily be present or relevant at another stage. For example, 
a trap that exists for a species at the egg stage may equally affect, not affect, or more 
strongly affect individuals as adults. Rarely, if ever, has this caveat been acknowledged, 
and all studies of ecological traps referenced above examined only one life history stage. 
For birds, this was universally the nesting stage. Most studies of avian reproductive 
success conclude at the end of the nestling phase, but in recent years researchers have 
begun to follow and study birds during the postfledging period (e.g. Anders et al. 1997, 
Yackel Adams et al. 2001, Moore et al. 2010, Balogh et al. 2011). To date, none of these 
efforts have been conducted within the framework of ecological traps. 
The Spotted Towhee (hereafter towhee; Pipilo maculatus) is a resident ground-
nesting and ground-foraging inhabitant of early successional forests of the Pacific 
Northwest (Greenlaw 1996). Towhees are also common in urban parks and greenspaces 
in urban areas where they use multiple habitat types (Whittaker and Marzluff 2009). 
Research in parks and greenspaces of Portland, Oregon have shown that towhees nest in 
natural areas as small as 1-ha, and that populations in some parks appear to be 
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sufficiently productive to be self-sustaining (S. Bartos Smith, unpubl. data). Towhee 
use of parks of all sizes exposes them to both edge and interior habitats, and contrary to 
expectations, Bartos Smith et al. (2011) showed that (1) the earliest breeding female 
towhees nested near edges and trails, (2) nests near park edges fledged significantly more 
young than nests in the interior of parks, and nests near park edges (3) produced heavier 
young, and (4) were less likely to incur partial brood losses. These data are all consistent 
with the suggestion that food is more abundant near edges than in the habitat interior. 
Assuming that predators are more common along edges (see above), Bartos Smith et al.’s 
(2011) results suggest that food availability overrides possible negative influences of 
predators on decisions about where to nest. Nonetheless, towhees appear to be sensitive 
to habitat fragmentation (Patten and Bolger 2003), and it is possible that higher nesting 
success near edges is offset by reduced survival of fledglings. Although Whittaker and 
Marzluff (2009) did not find that fledgling/juvenile towhee survival varied among 
habitats in Seattle, Washington, their study was not designed to investigate survival at the 
finer scale of habitat edge versus interior. 
I conducted a two-year study of the reproductive ecology of Spotted Towhees at a 
residential park in the Portland, Oregon metropolitan region. My goals were to 
corroborate Bartos Smith et al.’s (2011) findings that nest success and productivity 
increased with proximity to edge, and to measure reproductive success in the 
postfledging period to evaluate whether fledgling survival varied in relation to use of 
habitat edges. More specifically, did survival during the postfledging period mirror 
patterns from earlier in the nest cycle, or was the trend of higher productivity near edges 
reversed such that edges ultimately functioned as ecological traps? To that end, I (1) 
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measured fledgling production and nestling mass in relation to a nest’s distance to a 
park edge or trail, (2) determined whether fledglings exhibited equal use of edge and 
interior habitats, and (3) documented survival of towhee fledglings in the immediate 30-
day period of postfledging parental care in relation to distance to park edge or trail. 
 
METHODS 
Study site.— Springbrook Park is a 24-ha urban park located near the border 
between Lake Oswego and Portland, Oregon, and is one of the four parks included in 
Bartos Smith et al.’s (2011) study. The park is bordered on the north side by a four-lane 
highway, on the east side by an athletic field, and on the west and south sides by 
residential backyards. The park has a network of heavily used recreational trails, 
including two major gravel trails that are ~2 m wide, and several smaller mulch-covered 
trails that are ~1 m wide (Fig. 2.1). Joggers, cross-country teams, and dog-walkers 
frequent the trails. Approximately 80% of dogs observed in the park are not leashed (A. 
A. Shipley, pers. observ.). The dominant tree species are Bigleaf Maple (Acer 
macrophyllum), Paper Birch (Betula papyrifera), and Red Alder (Alnus rubra). The well-
developed understory includes native Sword Fern (Polystichum munitum), Salal 
(Gaultheria shallon), Indian-Plum (Oemleria cerasiformis), Dull Oregon-Grape 
(Mahonia nervosa), Beaked Hazelnut (Corylus cornuta), and Thimbleberry (Rubus 
parviflorus), as well as non-native Himalayan Blackberry (Rubus armeniacus), English 
Ivy (Hedera helix), and English Holly (Ilex aquifolium). Because the towhee population 
in Springbrook Park has been continuously monitored since 2004 (Bartos Smith et al. 
2011), many of the adults in the park already had a unique combination of color bands 
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when I began the study in 2008. In any given year, 25 to 30 towhee pairs defend 
territories. 
Nest location and transmitter attachment.— I attempted to locate all nests in the 
park in 2008 and 2009. Towhees will attempt to raise 2 to 3 broods year−1, which 
necessitated near daily searches throughout the park beginning in late March and 
continuing through August. To facilitate nest finding and ensure complete coverage, I 
captured and marked as many unmarked adult towhees as possible. Males were captured 
using a recording of a towhee song played near a taxidermic mount that was set near a 
mist-net in the male’s territory. Adult females were captured by playing a recording of a 
fledgling towhee distress call near a mist-net when the female had young that were ≥ 7 
days old. After capture, adults were banded with an aluminum U.S. Fish and Wildlife 
Service leg band and a unique combination of three colored leg bands. I also took 
standard morphological measurements (mass, wing chord, tarsus length, and tail length), 
and determined age (second year [SY] or after second year [ASY]) based on the contrast 
between the primary and greater wing coverts (Pyle 1997). Mass was measured to the 
nearest gram using a spring scale, tarsus length was measured to the nearest 0.1 mm 
using dial calipers, while wing chord and tail length were measured with a wing rule to 
the nearest millimeter. Adults were released at the capture site. 
I used female behavior to find nests during nest construction (e.g., carrying 
nesting material) and incubation (e.g., prolonged stationary behavior). Parental behavior 
(e.g., carrying food and defensive behavior) was used to find nests with hatched young. 
Locations of all nests were recorded using a Garmin 72 (Garmin Ltd.) global positioning 
unit that was generally accurate to < 10 m. I checked and recorded nest contents every 
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three days, and measured (body mass, tarsus length, and 8th primary length) and 
banded young 7 days after hatching. Nests were checked daily after the nestlings were 
banded to determine age at fledging (usually day 10 or 11 post-hatch). Spotted Towhees 
fledge prematurely if nestlings are handled after day 8 (A. A. Shipley, pers. observ.), and 
preliminary study indicated that attaching transmitters to 7 to 8 day old nestlings often 
proved fatal. Therefore, to ensure that the young were large enough to carry radio 
transmitters to follow postfledging survival, I postponed transmitter attachment until 
fledglings were out of the nest for three days. I then captured 1 or 2 fledglings from each 
brood, recorded body mass and tarsus length, and attached a Holohil BD-2 radio 
transmitter with a figure-eight leg harness (Rappole and Tipton 1991). All transmitters 
and harnesses were ≤ 5% of fledgling body mass in accordance with recommendations 
(Cochran 1980). Fledglings moved relatively little during the first three days after 
fledging and I was able to capture them either by hand from a perch or with a butterfly 
net after chasing them over the ground for short distances. Even after delaying transmitter 
attachment until three days post-fledge, some fledglings still did not meet the minimum 
mass requirement and were released without a transmitter. 
Radio-tracking and survival.— I used a three-element folding Yagi antenna and 
an FM100 receiver (Advanced Telemetry Systems) to locate all transmittered fledglings 
daily between 0700 and 1900 PST until they reached 30 days post-fledge. Fledglings 
remain with and are largely dependent on their parents for food and protection over this 
period (Greenlaw 1996, A. A. Shipley, pers. observ.). Tracking also concluded at 30 days 
post-fledging because the transmitter battery life was only ~50 days, and I had to recover 
transmitters for future use. The order in which I tracked fledglings during the day was 
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random, and fledglings were approached only as close as necessary to determine 
location and identity. I also avoided pushing fledglings away from where they were 
found. After locating a bird, I marked the location with a flag and a handheld global 
positioning unit (Garmin 72, Garmin Ltd.). If the bird was found alive in a backyard or 
otherwise outside the park boundaries, I recorded the bird as “out of park”. Recording 
GPS coordinates of these latter locations was often unfeasible because it would have 
placed me on private property. I located dead fledglings outside of the park by searching 
at sites where signal locations remained stationary for more than one day. I attempted to 
determine cause of death by examining transmitter location and condition. Predation was 
attributed to Western Screech-owls (Megascops kennicottii) or Cooper’s Hawks 
(Accipiter cooperii) when the transmitter and/or fledgling remains were found associated 
with an active nest of either species. Predation was attributed to domestic cats when the 
transmitter and/or fledgling remains were found in a backyard with either a cat sitting 
nearby or with a homeowner testimonial that his or her cat had killed the bird. If there 
was no direct evidence of the predator species, I recorded the fledgling as killed by an 
unknown predator if there were fledgling towhee feathers, body parts, or a partial carcass 
with apparent bite marks found near the transmitter. Additionally, if no fledgling carcass 
or body part was near the transmitter, I recorded the fledgling as killed by an unknown 
predator if the transmitter was damaged and was found well outside of the parents’ 
territory before the fledgling could have become independent. After fledglings reached 30 
days out of the nest, I recaptured and removed transmitters from survivors by “herding” 
each one into a long line of mist-nets, or by occasionally capturing a bird at night using a 
mist-net. 
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I projected the GPS coordinates of nests and daily fledgling locations onto a 
map created using ArcGIS 9.2 (ESRI). Random locations were generated in ArcGIS 
using the Create Random Points tool. Trail systems and the park perimeter were projected 
onto the map using data collected with a Trimble GPS unit (J. E. McKay, unpubl. data). I 
used the Near Tool in ArcMap to calculate the shortest distance from each nest, every 
fledgling location, and all random locations to the nearest park edge and nearest 
recreational trail. 
Statistical Analyses 
Nest success and postfledging survival.— I used a two-sample t-test to evaluate 
the null hypothesis that towhee nests and random locations were equidistant to park edges 
and trails. To test for an association between nest success (≥ 1 young fledged) and 
proximity to edges and trails, I used Mayfield logistic regression to account for exposure 
time (Hazler 2004) and treated distance to park edge or trail, year, or the date the nest 
was found (seasonality) as predictors of nest success. I used linear regression to test for 
relationships between distance of nest to edge and (1) clutch size, (2) brood size, (3) 
average nestling mass and tarsus length, and (4) number of fledglings produced per nest. 
The average nestling mass and size (tarsus and 8th primary lengths) for each nest were 
used for statistical analyses. For each fledgling, all distances to edge and to trails were 
averaged over the 27-day observation period (day 4 to 30 post-fledging) so that I had one 
estimate for each distance variable. I again used two-sample t-tests as described above to 
determine if fledgling locations were closer to edges or trails than were random locations, 
and to determine if fledgling survival was related to their average distance to edge or 
trail. Statistics are reported as means ± SE. 
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To further explore the possibility of an effect of proximity to edges or trails on 
postfledging survival, I used Cox proportional hazards regressions (Cox 1972, Whittaker 
and Marzluff 2009) to estimate the cumulative survival probability. Cox models are well 
suited to studies in which individuals are relocated every day and the probability of 
detection is 1.0 (Manolis et al. 2002, Berkeley et al. 2007, Kaiser and Lindell 2007, 
Whittaker and Marzluff 2009). I ran three separate Cox proportional hazards regressions, 
and included either distance to edge or distance to trail, in addition to year, brood size, 
fledge date, body mass at banding, and the proportion of days the birds were found inside 
the park as covariates. In the first model, distance to edge was included as a categorical 
variable with two categories: above and below the median value of fledgling distance to 
edge (31 m). In the second model, three distance to edge categories were used: below the 
first quartile (≤ 20 m), the middle 50% (21-41 m), and above the third quartile (> 41 m). 
In the third model, distance to trail was included as a categorical variable, and fledglings 
that had average distance to trail values above and below the median (26.8 m) were 
grouped separately. For each of the three regressions, year, brood size, fledge date, body 
mass at banding, and the proportion of days the birds were found inside the park were 
entered into the model in the first step, and either distance to edge or distance to trail was 
entered into the model in the second step in order to determine if the distance variable 
had a significant effect on the survival model. Final models only included variables that 
were significant (P ≤ 0.05). 
One of my goals was to determine survival rate over the first 30 days young were 
out of the nest. Therefore to account for the fact that fledgling survival was not known for 
the first three days out of the nest because the young were not tracked during this period, 
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I used the daily survival rate of fledglings during days 4-7 post-fledge to estimate 
survival over the first three days to calculate an adjusted survival rate for the entire 30-
day postfledging period. 
RESULTS 
Nesting productivity.— I located 73 Spotted Towhee nests in Springbrook Park 
during 2008 (N = 27) and 2009 (N = 46). Fourteen nests in 2008 and 31 nests in 2009 
were successful (Fig. 2.1). Daily survival rates calculated using the Mayfield logistic 
exposure model were 0.9582 (2008) and 0.9680 (2009). Assuming a 27-day period of 
nest occupancy (egg 1 to fledging), nest success was 31.6% (95% CI = 12.1% to 53.0%) 
in 2008 and 41.6% (95% CI = 22.3% to 59.7%) in 2009. Combining years, an average of 
37.5% of nests fledged young (95% CI = 23.1% to 51.7%). 
Nests were equidistant from park edges in 2008 (41.3 ± 5.38 m) and 2009 (38.9 ± 
4.06 m; t = 0.357, df = 71, P = 0.722) and therefore I pooled years for statistical analyses. 
Nests were significantly closer to park edges (39.8 ± 3.22 m) than were random locations 
(54.1 ± 3.14 m; t = −3.140, df = 166, P = 0.002). Nests from 2008 (17.1 ± 2.99 m) were 
significantly closer to recreational trails than were 2009 nests (28.5 ± 3.45 m; tunequal 
variance = 2.483, df = 69.81, P = 0.015) and therefore I analyzed distance of nests to trails 
separately for the two years. The 2008 nests were significantly closer to trails (17.1 ± 
2.99 m) than were random locations (32.1 ± 2.83 m; tunequal variance  = −3.649, df = 76.34, P 
< 0.001), but in 2009 there was no difference in the distance between trails and either 
nests (28.5 ± 3.45 m) or random locations (32.1 ± 2.83 m; t = -0.779, df = 139, P = 
0.437). 
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 However, in neither case did distance to a break in the forest (edge or trail) 
influence nest success. Distance to park edge did not differ between successful (37.6 ± 
3.78 m) and failed nests (43.3 ± 5.83 m; t = 0.85, df = 71, P = 0.397), and successful 
nests (2008: 20.5 ± 4.59 m; 2009: 26.7 ± 4.18 m) were no closer to trails than failed nests 
(2008: 13.5 ± 3.68 m; t = -1.184, df = 25, P = 0.248; 2009: 32.2 ± 6.21 m; t = 0.744, df = 
44, P = 0.461). Further analysis by logistic regression that accounted for exposure days 
showed that nest success was unrelated to year (coefficient [β] = -0.265 ± 0.414, P = 
0.522), distance to edge (β = 0.003 ± 0.008, P = 0.683), or distance to trail (β = -0.003 ± 
0.011, P = 0.765), but that nests found earlier in the year were more likely to be 
successful (β = 0.021 ± 0.009, P = 0.015). 
Results of linear regression analyses indicated that neither clutch size (β = 0.031, t 
= 0.216, df = 51, P = 0.830) nor brood size (β = -0.096, t = -0.647, df = 46, P = 0.521) 
varied with distance to edge. On the other hand, I found that the number of fledglings 
produced from each nest, excluding complete nest failures, was greater from nests located 
near park edges (β = -0.360; t = -2.530, df = 44, P = 0.015; Fig. 2.2). Moreover, nestlings 
were also heavier (β = -0.342, t = -2.600, df = 52, P = 0.012; Fig. 2.3) and had longer 
tarsi (β = -0.285, t = -2.127, df = 52, P = 0.038) when raised in nests located near park 
edges. Hence, young in nests closer to the park center were lighter, smaller, and more 
likely to die than were young located close to the park edge. Clutch size (β = -0.007, t = -
0.047, df = 51, P = 0.963), brood size (β = 0.055, t = 0.373, df = 46, P = 0.711), nestling 
mass (β = 0.114, t = 0.818, df = 52, P = 0.417), nestling tarsus (β = 0.082, t = 0.590, df = 
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52, P = 0.558) and number of young fledged (β = -0.018, t = -0.115, df = 44, P = 
0.909) did not vary with distance to trail. 
Fledgling survival and causes of mortality.— I radio-tracked 52 fledglings from 
35 broods until either their death or the end of the 30-day postfledging period (Fig. 2.4). 
Seventeen broods had two transmittered fledglings each, and 18 broods had one 
transmittered fledgling each. Thirty-six fledglings (69.2%) survived the actual 27-day 
tracking period (i.e., days 4 to 30; daily survival rate, S, = 0.986). Of the 16 deaths, 7 
occurred during days 4 to 7 out of the nest, 3 during the second week, 4 during the third 
week, and 2 during the fourth week (Table 2.1). After applying the daily fledgling 
survival rate for days 4 to 7 (S = 0.964) to the first 3 days out of the nest, I estimated it 
was likely that 3.7 (~ 4) fledglings would have died had I begun my tracking from the 
point of fledging, which is probably a conservative estimate. This resulted in an adjusted 
30-day survival rate of 62.1%. Two of 13 and 2 of 23 transmittered fledglings that 
survived the 27-day observation period from 2008 and 2009, respectively, were observed 
on the study site in the next year. 
Predation was the cause of all 16 fledgling deaths (Table 2.1). Age at death 
(number of days post-fledge) did not differ among fledglings killed by domestic cats 
(17.0 ± 4.14 days, N = 4), raptors (11.8 ± 3.17 days, N = 6), or unidentified predators (7.0 
± 2.30 days, N = 6; F = 2.37, df = 2, P = 0.132). In the case of fledglings killed by cats, 
fledgling carcasses with transmitters or transmitters surrounded by feathers (often with a 
bloodied harness) were found in residential backyards, either within a few meters of a cat, 
or the homeowner indicated that his or her cat had killed the fledgling. Based on the 
locations of these carcasses in different backyards, and assuming a cat would not leave 
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the carcass of a fledgling it had killed in the territory (i.e., backyard) of another cat, 3-4 
cats were responsible for these four fledgling deaths. Two towhee fledglings killed by 
cats were found in the same backyard, along with the carcasses of four birds of other 
species, both adults and fledglings. Three cats lived at this residence. Transmitters of 4 of 
5 fledglings killed by Western Screech-owls (1 in 2008 and 4 in 2009) were found inside 
active screech-owl nest cavities. Two of the 2009 fledglings, from the same brood, were 
found in the same owl nest cavity. The third 2009 fledgling carcass was cached next to 
the base of a tree near the nest in which the first two young were found. Later observation 
of footage from an infrared, motion-activated camera at the site showed that a screech-
owl retrieved the carcass. The fourth 2009 fledgling killed by an owl was found in a 
different active screech-owl nest box. I also found a transmitter near the base of a tree 
with an active Cooper’s Hawk nest. Five of six fledglings killed by unidentified predators 
died between days 4 and 7. In four of these six cases, the transmitter was found next to 
fledgling towhee feathers, body parts, or a partial carcass with bite marks. In two of the 
six cases, a damaged transmitter with a bloodied harness was found without a carcass, but 
it was well outside the parents’ territory before the fledgling could have become 
independent. Two of the six fledglings killed by unknown predators were likely killed by 
cats. The remains of these two fledglings were found in the same homeowner’s driveway, 
one in each year. Predators other than cats would have been unlikely to have deposited 
the carcasses in the same driveway, but because there was no direct evidence that cats 
were responsible, I conservatively grouped them with unidentified predators for analyses. 
Distance to edge did not differ between fledglings tracked during 2008 (38.0 ± 
4.14 m, N = 13) and 2009 (32.2 ± 2.89 m, N = 41; t = 1.014, df = 52, P = 0.315), so 
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fledglings from both years were pooled for my analyses of survival in relation to 
distance to edge. Average fledgling locations were significantly closer to park edges 
(33.6 ± 2.42 m) than random locations (54.1 ± 3.14 m; tunequal variance = −5.17, df = 146.9, 
P < 0.001). In addition, average locations of fledglings that died during the 27-day 
tracking period were significantly closer to park edges (23.5 ± 2.80 m) than for fledglings 
that survived the 27-day tracking period (37.8 ± 3.02 m; t = −2.89, df = 50, P = 0.006). 
Average distance to edge did not differ among fledglings killed by cats (27.6 ± 3.89 m), 
raptors (21.3 ± 4.70 m), or unidentified predators (23.0 ± 5.61 m; F = 0.360, df = 2, P = 
0.704). When fledglings that were killed by cats were removed from the analysis, 
locations of fledglings that were killed by raptors and unidentified predators were still 
significantly closer to park edges (22.2 ± 3.50 m, N = 12) than locations of survivors 
(37.8 ± 3.02 m, N = 36; t = -2.771, df = 46, P = 0.008). 
Distance between fledglings and the nearest recreational trail did not differ 
between 2008 (23.2 ± 3.01 m) and 2009 (28.53 ± 1.85 m; t = -1.444, df = 52, P = 0.155), 
and thus data were pooled for distance to trail analyses. Average fledgling locations were 
no closer to park trails (27.2 ± 1.60 m) than random locations (27.6 ± 2.83; tunequal variance = 
−1.51, df = 138.7, P = 0.134). Towhee fledglings that died (25.1 ± 3.11 m) or survived 
(27.6 ± 1.90 m;) were also equidistant from trails (t = −0.71, df = 50, P = 0.479). 
In the first Cox proportional hazards regression, the overall model was not 
significant when year, brood size, fledge date, mass at banding, and proportion of time 
spent in the park were entered (Cox proportional hazards χ2 = 8.176, df = 5, P = 0.147). 
However, when distance to edge was also entered into the model as two distance 
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categories (below [near] and above [far] median distance to edge) in the second block, 
the omnibus test for the overall model became significant (Cox proportional hazards χ2 = 
25.808, df = 6, P < 0.001). Including distance to edge had a significant effect on the 
model (change in Cox proportional hazards χ2 = 13.230, df = 1, P < 0.001). In this model, 
fledglings farther away from the edge were more likely to survive (exp[B] = 11.71, P = 
0.001; Fig. 2.5), as were fledglings that spent more time in the park (exp[B] = 0.96, P = 
0.009) and fledged earlier in the year (exp[B] = 0.97, P = 0.026). When only the 
significant variables were included in the model (time spent in park, fledge date, and 
distance to edge), the overall Cox proportional hazards χ2 was 23.494 (P < 0.001). 
The entry of distance to edge as a three category variable (near [first quartile], 
intermediate [middle 50%], and far [fourth quartile]) in the second Cox proportional 
hazards regression in the second block also had a significant effect on the model (change 
in Cox proportional hazards χ2 = 12.335, df = 2, P = 0.002), and the omnibus test for the 
overall model became significant (Cox proportional hazards χ2 = 18.238, df = 7, P = 
0.011; Fig 2.6). As before, fledglings that spent more time in the park (exp[B] = 0.96, P = 
0.038) and fledged earlier in the year (exp[B] = 0.97, P = 0.019) were significantly more 
likely to survive. Survival did not differ between years, or vary with brood size or mass at 
banding. When only significant variables were included in the model (time spent in park, 
fledge date, and distance to edge), the overall Cox proportional hazards χ2 was 17.136 (P 
= 0.002). 
In the third Cox proportional hazards regression, entering distance to trail in the 
second step had no effect on the model (change in Cox proportional hazards χ2 = 0.219, 
df = 1, P = 0.640) and the omnibus test for the overall model remained insignificant (Cox 
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proportional hazards χ2 = 8.301, df = 6, P = 0.217). Thus, cumulative survival 
functions did not differ between distance to trail categories (exp[B] = 1.316, P = 0.641; 
Fig 2.7). Although survival was still significantly negatively related to fledge date 
(exp[B] = 0.97, P = 0.034), survival was not significantly related to distance to trail, time 
spent in park, year, brood size, or mass at banding. Simultaneous incorporation of 
distance to trail and distance to edge, along with fledge date and time spent in the park 
resulted in a significant effect of the latter three variables (Cox proportional hazards χ2 = 
24.426, df = 4, P < 0.001; distance to edge: exp[B] = 10.453, P < 0.001; fledge date: 
exp[B] = 0.976, P = 0.057; time spent in the park: exp[B] = 0.960, P = 0.020) but with no 
effect of distance to trail on fledgling survival (exp[B] = 1.351, P = 0.574). 
 
DISCUSSION 
Nesting productivity.— Nest success was moderate and did not differ between 
years, with nearly 40% of nests fledging young. Furthermore, my results showed a 
striking correspondence with Bartos Smith et al. (2011) in that the likelihood of total nest 
failure did not vary with distance from the edge of the park or distance to the nearest trail, 
but that among successful nests, the number of young to fledge increased as nests were 
positioned closer to the edge of the park. Given that neither clutch size nor brood size 
varied with distance to edge, partial brood loss during the nestling period was higher in 
nests from the park interior. That this was due mainly to starvation is suggested strongly 
by the fact that nestlings from edge nests were both heavier and larger (i.e., longer tarsi) 
than nestlings from interior nests, in addition to there being more young to fledge from 
successful nests near the edge. 
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My study’s replication of Bartos Smith et al.’s (2011) finding of the absence of 
an edge effect in Portland parks and greenspaces, i.e., an increased probability of nest 
failure near edges (Gates and Gysel 1978, Flaspohler et al. 2001, Manolis et al. 2002), 
suggests that edges are not inherently poor habitat. To the contrary, edges have often 
been suggested to be attractive to birds because of enhanced food resources (e.g., Gates 
and Gysel 1978), and our results on nesting productivity and nestling size are consistent 
with this view. The relatively high nest success, which was unaffected by distance to 
edge, suggests that nest predator activity was spread evenly throughout the park. Studies 
conducted elsewhere suggest that the abundance of small to medium sized mammals 
varies little with distance from habitat edges in fragmented forest landscapes (Heske 
1995, Chalfoun et al. 2002). On the other hand, brood parasitic Brown-headed Cowbirds 
(Howell et al. 2007), corvid nest predators (Andrén 1992, Niemuth and Boyce 1997, 
Marzluff et al. 2004), and especially snakes (Blouin-Demers and Weatherhead 2001, 
Chalfoun et al. 2002) show high activity along edges. Cowbirds are not abundant in 
Portland’s parks and greenspaces (M. T. Murphy, unpubl. data) and not a single 
Springbrook towhee nest was parasitized in 2008 or 2009. Snake diversity is low in 
northwest Oregon (Nussbaum et al. 1983, St. John 2002), and I rarely saw snakes in the 
parks and greenspaces. Snakes are often cited as the primary cause of nest loss in many 
studies, and their virtual absence from my study site (and others in the urban landscape) 
may explain why neither Bartos Smith et al. (2011) nor I detected an increased 
probability of nest failure along habitat edges. 
Fledgling survival and causes of mortality.— Just over 60% of Spotted Towhees 
survived the 30-day period that followed their departure from the nest. Domestic cats and 
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Western Screech-owls were major predators of fledglings, and a fledgling’s proximity 
to the park edge was an important predictor of its survival. Whittaker and Marzluff 
(2009) also reported that predators were the sole source of fledgling Spotted Towhee 
mortality in urban Seattle, Washington, but their estimate of postfledging survival for 
fledglings still dependent on their parents was higher (83.5% when adjusted to a 30-day 
observation period). This relatively large difference in survival rates may be due to an 
apparent absence of predation by domestic cats on young towhees at the Seattle study 
sites (K. Whittaker, pers. comm.), or because of a small sample size of fledgling towhees 
in Whittaker and Marzluff’s study (15 individuals where the birds’ fates were known 
with certainty). Other recent estimates of fledgling survival during the postfledging 
dependent period obtained through the use of radio telemetry vary considerably among 
species and habitats (Table 2.2), but fledgling survival of a range of species that nest in 
mature forests averaged 57.3%, versus 61% in grasslands and 65.4% in urban areas. 
Predation appeared to be the only cause of death among fledgling Spotted 
Towhees in Springbrook Park (Table 2.1). Other fledgling telemetry studies in mature 
forests and grasslands have confirmed predators as the nearly exclusive cause of death. 
Many native predators kill fledgling birds (see Table 2.2). Domestic cats are known to be 
predators of nestlings (Haskell et al. 2001) and of fledgling and juvenile birds in urban 
areas (Balogh et al. 2011). Baker et al. (2005) surveyed urban cat owners about the prey 
items that their cats brought home, and found that cat predation on birds was highest in 
the spring and summer, which probably reflected predation of fledgling and juvenile 
birds. Cats were important predators of fledgling Spotted Towhees in Springbrook Park, 
causing 4 of 10 deaths when the predators were known with high certainty, and probably 
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at least 6 of all 16 deaths. I regularly observed cats on the park’s edges, near residential 
backyards, and on remote cameras day and night. Crooks and Soulé (1999) showed that 
cat abundance exhibited a strong negative relationship with coyote abundance, suggesting 
that coyotes killed cats. I observed coyotes in Springbrook Park on several occasions and 
cat carcasses were occasionally found in the park. Presumably, in the absence of coyotes, 
cats may have had an even greater effect on fledgling Spotted Towhees survival in 
Springbrook Park. 
Native raptors, especially Western Screech-owls, also had an important effect on 
fledgling Spotted Towhee survival. VanCamp and Henny (1975) found that the 
proportion of birds in the diet of Eastern Screech-owls (Megascops asio) increased from 
30% in fall and winter to 68% in the nesting season. My data suggest that three 
transmittered towhee fledglings (two from the same brood) in 2009 were killed by the 
same pair of owls within a two-day period. A fourth fledgling was killed by another pair 
of owls. Thus, screech-owls may commonly prey upon fledgling birds, particularly when 
they are hunting to feed their own young, but their effects are likely to be limited and 
localized because of territorial spacing of screech-owls. Domestic cats are not limited by 
such territorial behavior, and in urban parks large enough to support screech-owls and 
other raptors, the predation pressure on fledgling birds by domestic cats near park edges 
may be additive to the effects of native predators and thus be highly detrimental to bird 
populations. 
Fledgling condition.— Nestling or fledgling condition, as measured by body mass 
or tarsus length, has been shown in several studies to predict fledgling survival during the 
postfledging dependent period (Naef-Daenzer et al. 2001, Ringsby et al. 1998, Suedkamp 
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Wells et al. 2007). However, most studies, including the present one, have found that 
nestling body mass or condition did not predict survival (Sullivan 1989, Anders et al. 
1997, Berkeley et al. 2007, Brown and Roth 2004). Certainly, the size or condition of 
nestlings may be an important predictor of survival when poor weather is an important 
source of mortality (Suedkamp Wells et al. 2007) because fledgling survival may be 
threatened during periods of inclement weather or shortages of food. Sullivan (1989) 
found, for instance, that heavy juvenile Yellow-eyed Juncos (Junco phaenotus) were less 
likely to die during the first few weeks of independence. However, when young remain 
under parental care, it appears that predators are the leading cause of death in most 
studies for which data exist (Balogh et al. 2011, King et al. 2006, Moore et al. 2010, 
Naef-Daenzer et al. 2001). 
Edges and trails.— Spotted Towhees at Springbrook Park nested closer to both 
park edges and recreational trails than expected by chance. However, despite an apparent 
attraction to edges, towhees did not seemingly benefit by nesting close to edges because, 
as Bartos Smith et al. (2011) also found, the failure or success of entire nests at 
Springbrook Park was unrelated to distance to either edges or trails. However, defining 
success on the basis of whether a nest fledged at least one nestling is rather coarse, and 
my more detailed analysis of productivity showed that the number of young to fledge 
from successful nests declined with increasing distance from the edge. Brood reduction 
might occur through partial predation of broods, but the fact that nestling body mass and 
overall size (i.e., tarsus length) also declined with increasing distance from the edge 
suggests that nestlings were fed less and were more likely to starve in nests located 
farther from the edge. Bartos Smith et al. (2011) found an identical pattern in their three-
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year study of Spotted Towhees in four urban parks in Portland, including Springbrook. 
The consistency of Bartos Smith et al. (2011) and my results suggests that the attraction 
of towhees to park edges is likely related to enhanced food resources. 
On the other hand, the probability that a fledging would die within the first month 
out of the nest increased with increasing proximity to the park edge regardless of whether 
2 or 3 categories for distance of a fledgling to the park edge was used. In addition, young 
that fledged earlier in the season and spent little time outside of the park were also less 
likely to die, an effect that was independent of distance to edge. In fact, none of the 12 
fledglings that were located the farthest from the park edge died during the 27-day 
observation period. Thus, paradoxically, despite the fact that both nests and fledglings 
were more likely to be found near edges and that young were heavier and more of them 
fledged when nests were near edges, the probability that fledglings would survive the 
postfledging period was lower for fledglings near edges. I suggest that the conflicting 
results arise from the fact that the cause of offspring death changes from a combination of 
food limitation and predation when young are in the nest to entirely predation as nestlings 
leave the nest and begin to move with their parents. 
Other studies have failed to find an association between edge habitat and survival 
through comparisons of fledgling survival among different sized habitat fragments (Luck 
2003, Rush and Stutchbury 2008, Moore et al. 2010). I focused instead on a single habitat 
patch to test for a relationship between proximity to habitat edge and fledgling survival, 
and my results show that fledglings were significantly more likely to die near edges than 
in the interior, and the only source of mortality was predation. It follows that there is 
likely an association between fledgling towhee predators and the edge. As noted above, 
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cats were important predators of fledgling towhees, and the relationship between cats 
and the park edge is understandable, as at least half of the park is bordered by residential 
backyards. Crooks and Soulé (1999) found that the smallest habitat fragments had the 
greatest cat abundance, because smaller fragments have proportionally more edge that is 
accessible to domestic cats. 
Nonetheless, distance to edge for fledglings killed by cats, raptors, and unknown 
predators did not differ, and therefore most predator activity appeared to be concentrated 
near habitat edges. It is not immediately clear why this is so, but one possibility is that 
ambient light from houses near the park edges enable screech-owls to hunt more 
efficiently during the night. Another possibility is that predators kill prey (i.e., towhee 
fledglings) close to the park edge because that is where prey are most densely grouped. 
Towhees nested closer to park edges than expected based on random placement, and 
towhee family groups tend to remain within the parent’s territory during the postfledging 
period (A. A. Shipley, unpubl. data). This combined with the fact that predators during 
2008 and 2009 also nested near edges probably put many fledgling towhees within the 
foraging territory of both raptor species. 
Unlike their affiliation with park edge, fledgling towhees moved independently of 
trails and fledgling survival was unrelated to distance to a recreational trail. Sinclair et al. 
(2005) reported that mammalian nest predators may use wider trails as travel corridors 
(Sinclair et al. 2005), but this was an unlikely factor in the Springbrook system because 
the primary fledgling predators were raptors and cats, and the latter probably entered the 
park directly from yards that abutted the park edge. 
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Urban parks: safe refuge or ecological trap?— Patterns revealed in Bartos 
Smith et al.’s (2011) and my study suggest strongly that edges are seemingly attractive to 
female towhees. Edges receive abundant solar radiation that may enhance primary 
productivity and yield more natural food (Murcia 1995, Jokimäki et al. 1998). 
Additionally, anthropogenic sources of food (i.e., bird feeders) in the backyards that 
border the park may offer an easy food source. Indeed, adult towhees regularly use bird 
feeders during the nesting season (S. Bartos Smith and A. A. Shipley, pers. observ.), and 
either give this supplementary food directly to their nestlings and fledglings, or, more 
likely, eat the supplementary food themselves, allowing the adults more time to forage 
for their young. Birdfeeders in residential backyards may in fact serve as the cue that 
attracts towhees to settle and nest near park edges. Providing food during the winter may 
increase the number and density of resident birds that are attracted to the area and remain 
there to breed in the next season (Jansson et al. 1981). This provisioning of food may 
allow females to spend less time foraging and more time at the nest (Robb et al. 2008). 
Robb et al.’s (2008) review of the effects of feeders on bird populations found that when 
birds passed on supplementary food to their young, growth rates were positively affected 
in 56% of the studies, and that the young given supplementary food were more likely to 
fledge than non-supplemented young in 64% of the studies. 
Towhees nesting near edges inevitably have fledglings that spend more time near 
edges, which I confirmed in the present study by determining that fledglings were more 
likely to be found near edges than near random locations. While towhee nest success was 
not affected by proximity to edges, fledgling towhees were more likely to die near the 
park’s edges. Domestic cats, one of the fledgling towhees’ main predators, are likely to 
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have an important effect on bird populations, especially in parks or habitat fragments 
where coyotes are absent. The heavy use of edges for nesting by towhees and relatively 
high nest productivity of nests found there, is countered by higher fledgling mortality 
near edges. Indeed, edges may be acting as an ecological trap (sensu Gates and Gysel 
1978), whereby animals are drawn to an apparently attractive habitat in which they 
ultimately fare poorly. 
To determine whether high towhee fledgling mortality near edges is offset by 
greater fledgling production from nests near edges, I used a STELLA-based stochastic 
model of nest success and fledgling survival for 1,000 nests at each of the three distance 
to edge categories. For each nest, I determined if it produced any young by using a Monte 
Carlo simulation based upon the observed probability of nest success at the close (≤  21 
m), medium (21.1 to 41 m) and most distant (> 41 m) distance to edge categories. I 
obtained the number of young per successful nest by drawing randomly from a normal 
distribution that had the mean and standard deviation observed at the three distance 
categories. Finally, to determine if each fledgling that was produced survived to 30 days, 
I again used a Monte Carlo simulation based upon the observed probability of survival at 
the three distance categories. For the latter analysis, all fledglings were treated as 
independent events. This resulted in an estimate of the number of fledglings produced per 
nest for each distance to edge category that would have survived from egg-laying to 30 
days post-fledging. As shown in Table 2.3, despite lower fledgling production per nest, 
areas farthest from the edge yielded the highest numbers of surviving fledglings per nest 
30 days after fledging. It would thus seem most adaptive for towhees to nest in the park 
interior, yet they prefer to nest near edges. The resulting severe ecological trap (sensu 
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Robertson and Hutto [2006]) that ensues arises from this apparent preference for the 
inferior habitat. Additionally, if towhees are indeed using birdfeeders as settlement cues, 
then I argue that the trap is occurring via Robertson and Hutto’s (2006) third mechanism: 
the attractiveness of the habitat increases while the habitat quality simultaneously 
decreases. 
To date, all avian studies of edges as ecological traps indicate that nest success or 
number of young fledged was lower near the edges of forests bordering rural fields, 
grasslands, corridors, or clearcuts (Gates and Gysel 1978, Chasko and Gates 1982, 
Johnson and Temple 1990, Flaspohler et al. 2001, Weldon and Haddad 2005). In contrast, 
I found that the number of young to fledge was higher near edges bordering residential 
backyards. On the basis of these results, one might assume that these types of edges are 
beneficial for towhees. Only after examining another life history stage, the postfledging 
period, was I able to determine that the increased production of fledglings near edges did 
not, in fact, compensate for the higher mortality of fledglings near edges. Thus, my 
results are consistent with the results of others in that edges can serve as ecological traps 
for birds, but my results show that the detrimental effects of an ecological trap may not 
manifest itself at the first life history stage. 
While fledgling towhee survival in an urban park was relatively high, park edges 
were particularly dangerous places for fledglings. More research is needed to determine if 
this type of ecological trap exists for other urban bird species that use bird feeders, have 
vulnerable fledglings, and nest in areas with unregulated mesopredators, particularly 
domestic cats. While ecological traps have been reported across a range of bird, insect, 
mammal, and reptile species, almost none of these studies have examined more than one 
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stage in the animal’s life cycle. My results show that a habitat may appear beneficial to 
a species during one stage, but the habitat’s suitability may be reversed during another 
life cycle stage while the habitat’s attractiveness remains high. This has important 
implications for conservation, as phenomena such as ecological traps created by 
anthropogenic changes in the environment could be overlooked if only one life history 
stage is studied. 
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TABLES AND FIGURES 
TABLE 2.1. Numbers of Spotted Towhee fledglings killed by different predators during the first four weeks 
post-fledging in an urban park in Portland, Oregon, 2008-2009. Raptors include Cooper’s Hawks and 
Western Screech-owls. Unknown predators could not be identified. 
 2008  2009 
Predator Week 1 Week 2 Week 3 Week 4  Week 1 Week 2 Week 3 Week 4 
Cat 0 0 0 0  0 1 2 1 
Raptor 1 0 0 0  1 2 1 1 
Unknown 1 0 1 0  4 0 0 0 
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TABLE 2.2. Survival rates and predators of birds during the first 30 days post-fledging in different habitats. 
Fledglings were tracked via radio transmitters except where indicated. 
Species N Habitat Survival 
Rate %a 
Predatorsb Reference 
Wood Thrush 
(Hylocichla 
mustelina) 
45 Mature forest 63.5 Cooper’s Hawk, 
Timber Rattlesnake, 
Broad-winged 
Hawk 
Anders et al. 1997 
Ovenbirds 
(Seiurus aurocapilla) 
41 Mature forest 69.6 Eastern Chipmunk, 
Accipiter spp. 
King et al. 2006 
Great Tits 
(Parus major) 
and Coal Tits 
(Parus ater) 
342 Mature forest 38.9 Eurasian Jay, 
Great Spotted 
Woodpecker, 
Sparrowhawk, 
Marten 
Naef-Daenzer et al. 
2001 
Western Bluebirds 
(Sialia mexicana) 
26 Restoration-
treated forest 
51.2 Unknown Wightman 2009 
Dickcissels 
(Spiza americana) 
60 Grassland 52.2 Unknown Berkeley et al. 2007 
Eastern Meadowlarks 
(Sturnella magna) 
107 Grassland 83.5 Northern 
Watersnake, 
Bullsnake 
Suedkamp Wells et al. 
2007 
Eastern Meadowlarks 
(Sturnella magna) 
50 Grassland 83.5 - 88.7 Eastern Garter  
Snake 
Kershner et al. 2004 
Lark Buntings 
(Calamospiza 
melanocorys) 
23 Grassland 22.2 Raptors Yackel Adams et al. 
2001 
White-throated 
Robins 
(Turdus assimilis) 
53 Coffee and 
pasture 
56.2 Swallow-tailed Kite, 
Snakes 
Cohen and Lindell 
2004 
Rose-breasted 
Grosbeaks 
(Pheucticus 
ludovicianus) 
42 Forest fragments 
surrounded by 
agriculture 
49.8 Eastern Chipmunk, 
Common Grackle, 
Eastern Garter 
Snake, Raptors 
Moore et al. 2010 
Hooded Warblers 
(Wilsonia citrina)c 
52 Forest fragments 
surrounded by 
agriculture 
16.7 Unknown Rush and Stutchbury 
2008 
Spotted Towhees 
(Pipilo maculatus) 
15 Urban landscape 83.5 Mammals 
and Birds 
Whittaker and 
Marzluff 2009 
American Robins 
(Turdus migratorius) 
15 Urban landscape 59.8 Mammals 
and Birds 
Whittaker and 
Marzluff 2009 
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Gray Catbirds 
(Dumatella 
carolinensis) 
47 Urban landscape 52.9 Domestic Cat, 
Black Rat Snake, 
Red-shouldered 
Hawk 
Balogh et al. 2011 
aSurvival rates were calculated by extrapolating the daily survival rate from the literature to 30 days post-
fledging to enable direct comparison between studies. 
bCooper’s Hawk (Accipiter cooperii), Timber Rattlesnake (Crotalus horridus), Broad-winged Hawk (Buteo 
platypterus), Eastern Chipmunk (Tamias striatus), Eurasian Jay (Garrulus glandarius), Great Spotted 
Woodpecker (Dendrocopos major), Sparrowhawk (Accipiter nisus), Marten (Martes sp.), Northern 
Watersnake (Nerodia sipedon), Bullsnake (Pituophis catenifer), Swallow-tailed Kite (Elanoides forficatus), 
Common Grackle (Quiscalus quiscula), Eastern Garter Snake (Thamnophis sirtalis), Domestic cat (Felis 
domesticus), Black Rat Snake (Pantherophis obsoletus), and Red-shouldered Hawk (Buteo lineatus) 
cThe survival rate for Hooded Warbler fledglings was determined by following radio-tagged adult warblers. 
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TABLE 2.3. The number of Spotted Towhee fledglings per nest alive 30 days post-fledging at varying 
distances to park edge based on the probability of nest success, the number of young fledged per successful 
nest, and postfledging survival rates in an urban park in Lake Oswego, Oregon, 2008-2009. Values are 
reported as means ± SE. 
Distance to 
edge (m) 
Probability 
of nest 
success 
Mean # of young 
fledged per successful 
nesta, b 
Mean # of young 
fledged per nesta 
Probability 
of fledgling 
survival 
Mean # of young per 
nest alive 30 days 
post-fledginga 
≤ 20 0.424 2.62 ± 0.239 A 1.09 ± 0.0457 A 0.50 0.55 ± 0.0283 C 
21-41 0.363 2.67 ± 0.236 A 1.02 ± 0.0446 A 0.64 0.67 ± 0.0335 B 
> 41 0.351 2.15 ± 0.209 B 0.80 ± 0.0376 B 1.00 0.80 ± 0.0376 A 
aA, B, C coding indicates significant differences at the α = 0.05 level. 
b Sample sizes are 16, 9, and 20 for number of young per successful nest for nests ≤ 21 m, 21 – 41 m, and > 
41 m from edge, respectively. 
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FIG. 2.1. Successful (N = 45) and failed (N = 28) Spotted Towhee nests from 2008 and 2009 in 
Springbrook Park, an urban park located in Lake Oswego, Oregon. Vegetation extends slightly beyond the 
park’s official boundaries and therefore some pairs also placed nests outside the park’s official edge. 
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FIG. 2.2. The relationship between the number of Spotted Towhee fledglings produced per nest and the 
distance from the nest to the nearest edge in an urban park in Lake Oswego, Oregon, 2008-2009. Dashed 
lines indicate 95% confidence intervals. 
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FIG. 2.3. The relationship between average nestling mass just prior to fledging and distance from the nest to 
the nearest edge in an urban park in Lake Oswego, Oregon, in 2008 and 2009. Dashed lines indicate 95% 
confidence intervals. 
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FIG. 2.4. Daily radio telemetry locations of all Spotted Towhee fledglings that survived the postfledging 
period and that died during the postfledging period in an urban park in Lake Oswego, Oregon, 2008-2009. 
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FIG. 2.5. Cox proportional hazards regression for Spotted Towhee fledglings above and below the median 
fledgling distance to edge in an urban park in Lake Oswego, Oregon, 2008-2009. 
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FIG. 2.6. Cox proportional hazards regression for Spotted Towhee fledglings within the lower 25%, middle 
50%, and upper 25% fledgling distance to edge categories in an urban park in Lake Oswego, Oregon, 2008-
2009. 
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FIG. 2.7. Cox proportional hazards regression for Spotted Towhee fledglings above and below the median 
fledgling distance to trail in an urban park in Lake Oswego, Oregon, 2008-2009. 
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CHAPTER 3: Habitat use of postfledging Spotted Towhees (Pipilo maculatus) in an 
urban park 
 
INTRODUCTION 
Urban expansion and the resulting loss and fragmentation of habitats have 
important effects on birds that range from declines in food availability (Burke and Nol 
1998, Bolger et al. 2000, Zanette et al. 2000, Luck 2003), to increases in predation 
pressure (Andrén et al. 1985, Yahner 1988, Yahner and Scott 1988, Andrén 1992), noise 
exposure (Fernández-Juricic et al. 2005), light pollution (Miller 2006), and presence of 
non-native plant species (Beissinger and Osborne 1982, Marzluff 2001). 
As urbanization is on the rise in many parts of the world and is expected to 
continue (United Nations 2010a, 2010b), an emerging question in need of answer is 
whether urban parks and greenspaces can function as quality habitats for birds. 
Measurement of habitat quality is difficult, but a commonly used proxy is reproductive 
success of the organisms utilizing the habitat. However, the vast majority of studies of 
reproductive success have measured nest success only (e.g. Morrison and Bolger 2002, 
Patten and Bolger 2003), and whether this is sufficient is unclear. Only recently have 
researchers begun to investigate survival of young during the immediate postfledging 
period. It is unknown to what extent postfledging survival contributes to overall 
reproductive success and population dynamics (Tarof et al. 2011). 
Recently, studies of the postfledging period of parental dependence have become 
more common in grasslands and habitats fragmented by agriculture or logging. The use 
of small radio transmitters has made it possible to follow young and often cryptically-
colored birds (e.g. Cohen and Lindell 2004, Berkeley et al. 2007, Moore et al. 2010). 
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Even fewer data exist for this potentially critical period for birds in urban areas (but 
see Whittaker and Marzluff 2009, Balogh et al. 2011, Ausprey and Rodewald 2011). 
Increased presence of predators in urban areas (Jokimäki and Huhta 2000, Haskell et al. 
2001), including introduced predators such as domestic cats (Felis domesticus; Crooks 
and Soulé 1999, Baker et al. 2005), may result in an unnaturally high mortality rate of 
recently fledged birds (Balogh et al. 2011). 
In addition to changes in predation pressure, the habitats in urban areas may be 
altered as a result of human activity or the introduction of invasive plants. Habitat 
structure at the nest site has often been studied in relation to nest success in both natural 
(e.g., Holmes et al. 1996, Matsuoka et al. 1997, Misenhelter and Rotenberry 2000) and 
urban environments (e.g., Jokimäki and Huhta 2000, Patten and Bolger 2003), but studies 
of fledgling habitat use are rare, particularly in urban areas. In more natural areas, 
fledgling and juvenile birds have been found in areas that differ in vegetation structure or 
composition from that of the nest site (Vega Rivera et al. 1998, White et al. 2005, Rush 
and Stutchbury 2008), and these differences have also been associated with fledgling 
survival (King et al. 2006). Habitat requirements of a species may be broader than current 
studies indicate if birds use different habitats for nesting than they use for the care of 
fledged young. For example, Rush and Stutchbury (2008) found that habitat used by 
fledgling Hooded Warblers (Wilsonia citrina) was more structurally complex and had 
more dense vegetation 2 to 4 m from the ground than nest site habitat. Likewise, 
Ovenbird (Seiurus aurocapillus) fledgling habitat had fewer large trees and had greater 
vertical structure between 0 and 3 m from the ground than nest habitat (King et al. 2006). 
It would seem likely that birds in urban areas would behave similarly, but it is unclear 
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whether taxonomically and structurally altered urban plant communities provide the 
full range of habitats needed by breeding birds. Indeed, the increased presence of 
invasive plant species in urban areas can create ecological traps for nesting birds 
(Rodewald et al. 2010). On the other hand, invasive plants may not influence fledgling 
survival (Ausprey and Rodewald 2011). 
The Spotted Towhee (Pipilo maculatus) is a resident ground-nesting and ground-
foraging inhabitant of early successional forests of the Pacific Northwest (Greenlaw 
1996). Towhees are also common in urban parks and greenspaces, and recent work on 
towhees in parks of Portland, Oregon, suggest that populations in some parks are 
sufficiently productive to be self-sustainable (S. Bartos Smith, unpubl. data). However, 
like nearly all birds, very little is known about postfledging survival and habitat use of 
juvenile towhees. 
The generally high abundance and activity of predators near habitat edges 
(Donovan et al. 1997, Heske et al. 1999, Bolger 2002) suggests that Spotted Towhees 
should avoid park edges. However, both Bartos Smith et al. (2011) and I (Chapter 2) 
showed that in Portland, OR, Spotted Towhee nests near park edges produced 
significantly more and heavier young than nests in the interior of parks. Additionally, 
Bartos Smith et al. (2011) found that the earliest breeding females nested near edges. 
These data suggested that habitat edges are attractive to towhees possibly because food is 
more abundant near edges than in the habitat interior, and that food availability overrode 
possible influences of predators on decisions about where to nest. Despite the apparent 
preference for edges, I also showed (Chapter 2) that Spotted Towhee fledglings found 
near edges were more likely to be depredated during the postfledging period. As a 
 48 
consequence, although more towhee fledglings were produced from nests near edges, 
fewer of the young that fledged from nests near edges survived to independence. Edges 
thus likely represent an ecological trap for towhees (Chapter 2). 
Fledgling and juvenile birds are often found in habitats that have relatively dense 
vegetation (e.g. Jones and Bock 2005, Berkeley et al. 2007, Vitz and Rodewald 2010, 
Mitchell et al. 2010). Habitat edges have been cited as having complex vegetation that 
may be beneficial to wildlife (Yahner 1988). Caplan and Yeakley (2006) found that 
invasive Himalayan Blackberry stands were tallest in areas with the least canopy cover, 
presumably because the high light environment of edges promotes dense growth of exotic 
vegetation such as Himalayan Blackberry. Conceivably, the reason why edges function as 
ecological traps for towhees may be that both predators and towhee fledglings seek the 
dense cover provided by exotic vegetation. 
I conducted a two-year study of the reproductive ecology of Spotted Towhees at a 
residential park in the Portland, Oregon, metropolitan region. My objectives were to (1) 
describe habitat structure and vegetation composition within the park in order to 
determine (2) if vegetation density, plant species composition and diversity (including 
native vs. non-native), and habitat structure differed among random locations and 
locations used by towhees for nesting and care of fledged young, and (3) whether either 
nest success or fledgling survival were associated with the vegetation composition, plant 
species diversity, and habitat structure. 
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METHODS 
Study site.— Springbrook Park is a 24-ha urban park located near the border of 
Lake Oswego and Portland, Oregon, and is one of the four parks included in Bartos 
Smith et al.’s (2011) study. The park is bordered on the north side by a four-lane road, on 
the east side by a grass covered athletic field, and on the west and south sides by 
residential backyards. The canopy is dominated by Bigleaf Maple (Acer macrophyllum), 
Paper Birch (Betula papyrifera), and Red Alder (Alnus rubra). Douglas Fir (Pseduotsuga 
menziesii) is locally common in portions of the park. The understory is generally dense 
and includes an abundance of native species including Sword Fern (Polystichum 
munitum), Salal (Gaultheria shallon), Indian-Plum (Oemleria cerasiformis), Dull 
Oregon-Grape (Mahonia nervosa), Beaked Hazelnut (Corylus cornuta), and 
Thimbleberry (Rubus parviflorus). Non-natives are also common, and the main species 
are Himalayan Blackberry (Rubus armeniacus), English Ivy (Hedera helix), and English 
Holly (Ilex aquifolium). English Holly is spread fairly evenly throughout the park. By 
contrast, Himalayan Blackberry and English Ivy tend to be concentrated in large patches, 
and since 2003 a neighborhood association has attempted to remove both from the park. 
The Spotted Towhee population in Springbrook Park was continuously monitored 
between 2004 and 2009 (Bartos Smith et al. 2011). Typically, 25 to 30 towhee pairs 
defend territories in the park. 
Nest location and transmitter attachment.— Towhees will attempt to raise 2 to 3 
broods per year. In 2008 and 2009, I attempted to locate all nests in the park by visiting 
the park daily beginning in late March and continuing through August. To facilitate nest 
finding and ensure complete coverage, I captured and marked as many unmarked adult 
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towhees as possible. Males were captured using a recording of a towhee song played 
near a taxidermic mount that was set behind a mist-net in the male’s territory. To avoid 
nest abandonment by adult females, I delayed capturing females until their young were ≥ 
7 days old. Captures were made by playing a recording of a fledgling towhee distress call 
near a mist-net. After capture, adults were banded with an aluminum U.S. Fish and 
Wildlife Service leg band and a unique combination of three colored leg bands. Adults 
were released at the capture site. 
To find towhee nests, I observed female behavior (e.g., collecting nest material 
during nest construction and extended stationary behavior during incubation). Parental 
behavior (e.g., defensive behavior and carrying food) was used to find nests with hatched 
young. Locations of all nests were marked using a Garmin 72 (Garmin Ltd.) global 
positioning unit that was usually accurate to < 10 m. I visited nests and recorded contents 
every three days, and banded young 7 days after they hatched. To determine age at 
fledgling (usually day 10 or 11 post-hatch), I checked nests daily after banding nestlings. 
Spotted Towhees fledge prematurely if nestlings are handled after day 8 post-hatch (A. 
A. Shipley, pers. observ.), and an earlier study indicated that attaching transmitters to 7-8 
day old nestlings often proved fatal. Therefore, to ensure that the young were large 
enough to safely carry radio transmitters to monitor their habitat use, I delayed 
transmitter attachment until three days after young had left the nest. I then captured 1 or 2 
fledglings from each brood and fitted them with a Holohil BD-2 radio transmitter with a 
figure-eight leg harness (Rappole and Tipton 1991). All transmitters and harnesses were 
≤ 5% of fledgling body mass as recommended by Cochran (1980). Fledglings moved 
relatively little soon after leaving the nest, and I was able to capture them either by hand 
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or with a butterfly net after chasing them over the ground for short distances. Even 
after postponing transmitter attachment until three days post-fledge, some fledglings still 
did not meet the minimum mass requirement and had to be released without a transmitter. 
Radio-tracking.— I used an FM100 receiver and a three-element folding Yagi 
antenna (Advanced Telemetry Systems) to locate all radio-tagged fledglings each day 
between 0700 and 1900 PST until they reached 30 days post-fledge. Fledglings stay with 
and largely depend on their parents for food and protection during this period (Greenlaw 
1996, A. A. Shipley, pers. observ.). Tracking also ended at 30 days post-fledging because 
the transmitter battery life was only ~50 days, and I needed to collect transmitters for 
future use. The sequence in which I tracked fledglings each day was random, and I only 
approached fledglings as close as necessary to determine identity and location. I avoided 
pushing fledglings away from where I found them. After locating a fledgling, I marked its 
location with a flag and a GPS unit (Garmin 72, Garmin Ltd.). To remove transmitters 
from surviving fledglings at the end of the tracking period, my assistants and I “herded” 
each offspring into a long line of mist-nets, or by occasionally using mist-nets at night to 
capture fledglings. 
I used ArcGIS 9.2 (ESRI) to project the GPS coordinates of nests and daily 
fledgling locations onto a map. Random locations were generated in ArcGIS using the 
Create Random Points tool. I used data collected with a Trimble GPS unit (J. E. McKay, 
unpubl. data) to project the park perimeter onto the map. Finally, I used the Near Tool in 
ArcGIS to calculate the shortest distance from each nest, every fledgling location, and all 
random locations to the nearest park edge. 
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Habitat measurements.— To measure habitat variables, I conducted vegetation 
surveys at nest locations, fledgling locations, and random locations. Vegetation surveys 
were only conducted for locations where fledglings were found during the first two 
weeks post-fledging. Fledglings older than this were much more likely to fly greater 
distances when approached, and I felt that the vegetation where I ultimately found them 
during these last two weeks may have been influenced by my presence. 
I used a 2-meter tall, 3-cm diameter PVC pole marked at 20-cm intervals to 
measure the vertical structure of the vegetation (adapted from Wiens 1969). Each survey 
began at the center point, which was at the nest cup for nest locations, at the flag I had 
placed where each fledgling was found daily for fledgling locations, and at the randomly 
generated GPS coordinates. I placed the PVC pole vertically at the center point and noted 
the species of plants that touched the pole at every 20-cm interval. I then stood at the 
center point and viewed the canopy through a 4-cm diameter cardboard tube to estimate 
the percentage of canopy cover (1 = 0-20%, 2 = 20-40%, 3 = 40-60%, 4 = 60-80%, or 5 = 
80-100% of the sky obscured by canopy). This entire procedure was repeated 1, 2, and 3 
m from the center point in each of the cardinal directions (13 points for every survey). 
Because the 2-m PVC pole had ten 20-cm intervals, each plant species had a possible 
maximum count of 130 per survey. All dead sticks, branches or logs that touched the pole 
were recorded as “Dead Wood”. Dead leaves that touched the pole were recorded as 
“Dead Leaves”. The 13 canopy measurements were averaged to characterize canopy 
cover (“Canopy”) at each point. I created three new variables to encompass all of the 
vegetation density:  “Low density” is the number of 20-cm intervals between the ground 
and 1 m above ground at which any vegetation, dead wood, or dead leaves made contact 
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with the pole (maximum count possible = 65). “High density” is the same as the 
former, but between 1 m and 2 m above ground, and “Total density” is the sum of Low 
and High density (maximum possible count = 130). “Total Natives” and “Total Non-
Natives” are sums of the counts of the abundance of the native and non-native species at 
each point (excluding dead leaves and dead wood). I used Simpson’s index of diversity 
(Simpson 1949) to calculate an index of plant species diversity (“Diversity”; excluding 
dead leaves and dead wood), for each point. To explore possible relationships between 
individual plant species and fledgling habitat use, I selected the 10 most abundant plant 
species (dead leaves and dead wood were included) found touching the pole during all 
surveys. All other plant species were observed so infrequently (recorded in < 7% of all 
surveys) compared to the top 10 that it was unlikely they were of ecological significance 
for fledgling towhees. 
Statistical Analyses.— To calculate daily nest survival rates, I used Mayfield 
logistic regression to account for exposure time. The vegetation surveys of the different 
locations used by a fledgling were averaged so that each fledgling had only a single set of 
measurements to characterize its habitat use. To condense habitat variables and provide a 
synthetic description of habitat structure, I conducted a Principal Component Analysis 
(PCA) based on a correlation matrix that included the log-transformed counts (maximum 
of 130 per survey before log-transformation) of the 10 most common plant species, as 
well as the structural habitat variables: Canopy, Low density, High density, Total density, 
Total Natives, Total Non-Natives, and Diversity. For further analysis, I selected only the 
principal components (PC) with eigenvalues greater than 1, and only used variables with 
factor loadings with an absolute value greater than 0.3 to interpret each PC axis 
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(McGarigal et al. 2000). I used linear regression to test for relationships between each 
PC and distance to the nearest park edge. I then compared each PC among nest, fledgling 
and random locations using one-way ANOVAs. Finally, for each component, I used two-
sample t-tests to compare successful and unsuccessful nests and fledglings that survived 
the tracking period and those that died. 
 
RESULTS 
Nest and fledgling survival.— I located 73 Spotted Towhee nests in Springbrook 
Park during 2008 (N = 27) and 2009 (N = 46). Fourteen nests in 2008 and 31 nests in 
2009 were successful, yielding daily survival rates of 0.9582 (2008) and 0.9680 (2009). 
Assuming a 27-day period of nest occupancy (egg 1 to fledging), nest success was 31.6% 
(95% CI = 12.1% to 53%) in 2008 and 41.6% (95% CI = 22.3% to 59.7%) in 2009. 
Combining years, an average of 37.5% of nests fledged young (95% CI = 23.1% to 
51.7%). I radio-tracked 52 fledglings from 35 broods until death or the end of the 30-day 
postfledging period. Seventeen broods had two transmittered fledglings, and 18 broods 
had just one. Thirty-six fledglings (69.2%) survived the actual 27-day tracking period 
(i.e., days 4 to 30; daily survival rate, S, = 0.986), but after applying a correction for the 
probable number to die in the first three days out of the nest, my adjusted estimate of 
fledgling survival to 30 days was 62.1%. 
Habitat characteristics.— I conducted vegetation surveys at 68 nests, 282 
fledgling locations (representing 46 fledglings, which had an average of 6.1 [range: 1-12] 
surveys each), and 48 random locations. The 10 most common plant species or substrates 
recorded during the vegetation surveys were (in decreasing order of abundance): Dead 
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Leaves, Sword Fern, English Ivy, English Holly, Himalayan Blackberry, Dead Wood, 
Beaked Hazelnut, Snowberry (Symphoricarpos albus), Indian-Plum, and Salal. The PCA 
yielded five PC with eigenvalues > 1, and they accounted for 66.8% of the variation in 
the habitat structure measured in Springbrook Park (Table 3.1). The first PC separated 
habitat on the basis of overall vegetation density, such that sites with positive scores on 
PC1 were characterized by high vegetation density at all levels (low, high, and total), an 
abundance of both native and non-native species, and abundant dead leaves and wood, 
English Ivy, Himalayan Blackberry, English Holly, and native Beaked Hazelnut, Indian-
Plum, and Snowberry. Variation on PC1 was unrelated to distance to park edge (Fig. 
3.1A). The second PC separated habitat based primarily on the abundance of native and 
non-native plant species. Negative scores described sites dominated by non-natives 
(especially English Ivy and Himalayan Blackberry) that were closer to the park edge. 
Sites with positive scores contained mainly native species (particularly hazelnut, Salal 
and Sword Fern), were relatively diverse, and were distant from the park edge (Fig 3.1B). 
The third PC separated habitat on the basis of relative height of dense vegetation, with 
sites with positive scores being characterized by diverse and dense high vegetation 
(particularly dead wood and Indian-Plum). These sites were also close to the park edge. 
Sites with negative scores had considerable dense low vegetation (particularly dead 
leaves and Sword Fern) and were farther from the edge (Fig. 3.1C). PC4 provided a 
contrast of the distribution of primarily non-native species. Canopy cover and diversity 
increased along PC4, but sites with negative scores had considerable Himalayan 
Blackberry but little English Ivy or English Holly. Sites with positive scores had the 
opposite combination and tended to be far from the park edge (Fig. 3.1D). Positive PC5 
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scores described sites that were relatively diverse, had abundant Snowberry, but little 
dead leaves, dead wood, English Holly, or Salal. PC5 was independent of distance to park 
edge (Fig. 3.1E). 
Habitat characteristics of random sites, and nest and fledgling locations.— 
Scores of nests on PC1 were significantly higher than those of random points, while 
scores of fledgling locations on PC1 exceeded both random and nest locations (Table 3.2, 
Fig. 3.2). In other words, habitat at random points, nest sites, and fledgling locations 
represented a gradient of increasing vegetation density, presence of dead leaves and 
wood, and abundance of most plant species. Random points on PC2 were intermediate to 
the locations of nests and fledglings, and did not significantly differ from either (Table 
3.2, Fig. 3.2). However, fledgling and nest locations differed, with nests being found in 
areas dominated by native plant species whereas fledglings were found mainly in areas 
where non-native plants were most abundant (Fig. 3.2). The latter corresponded also to 
sites near the park edge (Fig. 3.1). Habitat at nest sites and random locations was again 
similar along the axis described by PC3 (Fig. 3.2). Nests were placed in habitats with 
much dense low structure associated with Sword Fern, but low diversity and little dead 
wood. By contrast, fledglings occupied sites with considerable high structure (especially 
Indian-Plum), much dead wood, and higher overall diversity, but little low structure or 
Sword Fern (Table 3.2; Fig. 3.2). Sites with the latter habitat characteristics tended to be 
found near the park edge (Fig. 3.1). 
Habitat at nest and fledgling locations on PC4 was very similar, but both differed 
from random locations (Fig. 3.2). In comparison to random locations, habitat at nests and 
fledgling locations had more Himalayan Blackberry, but less canopy cover and little 
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English Ivy or English Holly. Finally, random sites and fledgling locations were 
similar on PC5, but random sites and nest locations differed substantially (Table 3.2; Fig. 
3.2). Nests were located in areas with generally high diversity and an abundance of 
Snowberry, but little in the way of dead matter, English Holly, or Salal. In contrast, 
random locations had little diversity, but were characterized as having relatively more 
dead leaves, dead wood, English Holly and Salal. Fledgling locations tended to be 
intermediate and differed marginally from nest sites. 
Habitat, nest success, and fledgling survival.― Comparison of the scores of 
successful and failed nests on the five PC axes failed to detect any habitat features that 
were associated with the probability of success (Table 3.2). However, the probability of 
nest survival declined seasonally (see above), as did nest scores on PC3 (r = -0.423, N = 
68, P < 0.001) and PC5 (r = -0.237, N = 68, P = 0.052). I therefore used the logistic 
exposure model to control for nest exposure time and the date that a nest was found to re-
examine the relationships between probability of nest success and vegetation structure as 
described by the PC axes. Of the five regressions, probability of nest success was most 
strongly associated with PC4, but it was not significant (coefficient [β] = 0.264, SE = 
0.202, P = 0.191). 
Direct comparisons of habitat used by fledglings in the first two weeks post-
fledging also failed to detect a relationship between habitat and whether or not a fledgling 
survived the postfledging observation period (Table 3.2). Distance to park edge and 
fledge date, however, were shown previously to be important predictors of fledgling 
survival, and as described above, 3 of 5 PC axes varied significantly with distance from 
the edge of the park. Nestlings’ body mass at banding also varied with date; a significant 
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polynomial relationship existed between mass and date to indicate that the heaviest 
nestlings fledged during the middle of the breeding season (P for date and date2 = 0.038 
and 0.030, respectively; r2 = 12.9%). Therefore, for the 46 fledglings with data on habitat 
use, I used logistic regression to examine the probability of fledgling death in relation to 
distance to park edge, distance to trail, date (and its quadratic), nestling body mass and 
tarsus length at banding, and the five PC axes. The probability of survival declined with 
both proximity to park edge (β = -0.073, SE = 0.034, P = 0.032) and date of banding (β = 
-0.044, SE = 0.019, P = 0.019). After controlling for the two latter effects, the next 
strongest association with fledgling survival was with proximity to trails (β = -0.089, SE 
= 0.048, P = 0.062); fledglings far from trails had a tendency towards higher survival. 
With only distance to park edge and date in the model, the strongest association with the 
habitat axes was with PC5, but it did not approach significance (P = 0.275). 
 
DISCUSSION 
Towhee nest success was moderate, with almost 40% of nests fledging young 
over both years. Just over 60% of fledglings survived the parental dependence period. My 
data also indicate that nest and fledgling habitat usually differed, and that there were 
consistent and often considerable differences between habitats used by towhees for 
nesting and the habitats used by young after they left the nest. Habitat used by fledglings 
was much more structurally dense than nest site habitat, and fledgling habitat had a 
greater abundance of non-native plant species than nest site habitat. However, none of the 
habitat characteristics measured predicted either nest success or fledgling survival. 
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Nest and fledgling habitat characteristics and survival.— Habitat at towhee 
nest sites and at sites used by fledgling towhees differed in important ways, the most 
prominent of these being vegetation density. Fledglings used habitat that had denser 
vegetative cover between 0 and 2 m above ground than nests, and nests likewise had 
denser vegetation than random locations. Other research has shown that recently fledged 
birds often use denser vegetation or areas with higher amounts of shrub cover than both 
random/unused locations (Jones and Bock 2005, King et al. 2006, Mitchell et al. 2010, 
Ausprey and Rodewald 2011) and nest sites (Jones and Bock 2005, King et al. 2006, 
Rush and Stutchbury 2008, Ausprey and Rodewald 2011). Vega Rivera et al. (1998) 
showed that habitats into which juvenile Wood Thrushes dispersed had a denser 
understory than natal site habitat. While towhee fledgling habitat was denser overall than 
both nest and random locations, towhee fledgling locations had more dense high 
vegetation and were closer to the park edge. Nest and random locations had more dense 
low vegetation and were farther from the edge. Because towhees are ground-nesters, 
denser ground-level vegetation may be of value in concealing nests from predators. 
Young towhees are uncoordinated and vulnerable when they first leave the nest. The 
availability of concealing vegetation close to (but off of) the ground may be attractive to 
fledglings and enable them to make short hops and flights from the ground up into the 
higher vegetation where they may find refuge from ground predators such as domestic 
cats, snakes, raccoons (Procyon lotor), and chipmunks (Tamias sp.). 
Although dense vegetation characterized both towhee nest sites and fledgling 
locations, neither nest success nor fledgling survival were influenced by vegetation 
density. The moderate to high rates of nest loss (31% and 41% in 2008 and 2009, 
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respectively) in my study may be a consequence of either a diverse set of nest 
predators or an abundance of only a few species of nest predators. If the former, each 
predator species may favor searching for nests in different locations. For instance, nest 
predators that locate nests by visual (i.e., avian) and olfactory (i.e., mammalian) means 
eliminate the possibility that a single optimal location may exist. If the latter, a single 
abundant nest predator species may, by sheer numbers alone, cause widespread failure 
and make it difficult to detect associations between nest success and habitat. By contrast 
to my study, most others that have found differences in vegetation density or shrub cover 
between nests and fledglings also found that increased vegetation density was positively 
associated with fledgling survival (King et al. 2006, Vitz and Rodewald 2010, and 
Ausprey and Rodewald 2011; but see Braden et al. 1997 and Moore et al. 2010). The 
absence of any apparent benefits of using dense vegetation for towhees may have been 
nullified by high rates of predation close to park edges. Distance to park edge is an 
important predictor of fledgling survival (Chapter 2) and much of the vegetation near 
edges was dense and high. Additionally, I have no knowledge of the type of vegetation 
that fledglings were actually using when they were killed, or the type(s) of vegetation 
used by domestic cats (Felis domesticus) and Western Screech-owls (Megascops 
kennicottii), the two main predators of fledgling towhees (Chapter 2). On the three 
principal components that showed significant differences between nest sites and random 
locations, failed nests tended to be located in habitat with vegetation characteristics that 
more closely resembled random locations than habitat used for nesting. Perhaps if nest 
success had been higher, vegetation characteristics may have played a significant role in 
predicting nest success. 
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In addition to denser vegetation, locations used by towhee fledglings generally 
had less diverse vegetation and more non-native plant species (particularly Himalayan 
Blackberry, English Ivy, and English Holly) than nest sites. These three invasive, non-
native species were important components of the habitat throughout Springbrook Park, 
and were the only plant species to have factor loadings > 0.300 on three of the five 
principal components. Extremely dense “walls” of Himalayan Blackberry may provide 
very good protection from predators for fledgling birds. On several occasions I attempted, 
but failed, to capture fledglings near chain-link fences surrounded by 2 to 3-meter wide 
walls of blackberry vines on the edge of the park because fledglings simply hopped 
through holes in the fence. Even in the absence of a fence, it seems probable that dense 
blackberry patches provide excellent cover from both avian and mammalian predators. 
Himalayan Blackberry had negative factor loadings on both PC2 and PC4, which both 
had direct relationships with distance to edge. Thus, Himalayan Blackberry tended to be 
located closer to park edges. As noted in Chapter 2, fledglings tend to be found close to 
park edges. It is unclear whether Himalayan Blackberry may be an attractive refuge for 
fledglings, enticing them closer to dangerous park edges, or if fledglings’ proximity to 
park edges is driven by an ecological trap created by towhee parents’ possible attraction 
to abundant food resources near edges (Chapter 2). 
While Himalayan Blackberry was only associated with habitat close to park 
edges, English Ivy was associated with the park edge on PC2 and the park interior on 
PC4. PC4 described a habitat gradient whereby sites were dominated by either a high 
abundance of English Ivy and English Holly, or Himalayan Blackberry alone. The 
positive association of PC4 with distance to edge indicated that blackberry declined, but 
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ivy and holly increased from the edge to the park interior. It appears that parents avoid 
ivy and holly dominated interior habitat for nesting, and that fledgling towhees spend 
little time in such sites. English Ivy may not be suitable for nesting (towhee nests were 
never found completely surrounded by English Ivy) because large “carpets” of English 
Ivy are usually only 15-20 centimeters tall, and ivy usually excludes virtually all other 
plant species that provide more cover (Reichard 2000, Vidra et al. 2006), such as Sword 
Fern and Salal. The general openness of this type of ivy-dominated habitat may be 
particularly dangerous for young towhees to fly through if avian predators are present. 
Additionally, towhees forage on the ground by scratching through leaf litter, and 
horizontally dense mats of English Ivy may eliminate access to leaf litter and may also 
impede the movements of very young flightless fledglings (A. A. Shipley, pers. observ.). 
In addition to Himalayan Blackberry, English Holly may also provide dense, 
protective, usable cover for fledgling towhees. In some cases (PC4), towhees seemed to 
avoid English Holly altogether, but in others (PC5), fledgling habitat had more English 
Holly than nest sites. This seeming contradiction may be explained by the presence of 
English Ivy. Fledglings are not likely to be found in habitat that has both English Holly 
and large amounts of unusable English Ivy (PC4), which usually occurs far from the park 
edge. If a fledgling were to be found in a habitat dominated by English Ivy and English 
Holly, it would doubtless seek cover in the holly. However, when English Holly is 
associated with plants such as Salal and dead leaves for parental foraging (i.e., PC5), and 
holly is not associated with the park interior, fledglings are more likely to use this type of 
habitat and take advantage of English Holly’s sharp, dense leaves as cover from 
predators. 
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While fledgling towhee locations tended to have more non-native vegetation 
than nest sites, neither nest success nor fledgling survival were influenced by the 
abundance of non-native vegetation. Fledgling habitat use as it relates to native and non-
native vegetation has rarely been studied. Ausprey and Rodewald (2011) found that 
Northern Cardinal (Cardinalis cardinalis) fledglings were found in habitats with 
significantly more non-native Amur honeysuckle (Lonicera maackii) than random 
locations. However, cardinal fledglings also used complex understory vegetation. In this 
case, cardinal fledgling survival was associated with complex vegetation, but not 
specifically with honeysuckle. Similarly, towhees use non-native Himalayan Blackberry 
and English Holly more as fledglings than they do as adults for nesting. This may be 
because blackberry and holly also happen to be very dense sources of cover, and the 
attraction is the dense vegetation rather than the particular plant species. 
While fledgling towhee locations had denser vegetation than both nest and 
random locations, and fledgling habitat had more non-native vegetation than nest sites, 
none of the habitat variables measured influenced fledgling survival. As shown in 
Chapter 2, distance to park edge was a very important predictor of fledgling survival: 
fledglings closer to park edges were more likely to die during the postfledging period. It 
is possible that distance to edge overwhelms all other possible factors that may influence 
fledgling survival. Perhaps in larger parks, with lower proportions of edge habitat, 
differences in habitat used by fledglings and that of nest sites may actually translate into 
improved fledgling survival, as shown by other studies. 
This study confirms the results of others that fledglings often use habitat that is 
very different from that of the nest site, and that fledglings’ habitat needs should be 
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considered in addition to the habitat requirements of nesting birds when making 
management decisions. This study is among the first to demonstrate that some non-native 
plant species may not adversely affect fledgling survival (Ausprey and Rodewald 2011). 
Some non-native plant species may provide suitable protection from predators for 
fledglings. However, non-native plant species differ widely in their suitability for both 
nest placement and fledgling use, and should be carefully considered when prioritizing 
non-native species removal and native plant restoration. 
Park edge, vegetation, and fledgling survival.— As shown in Chapter 2, fledgling 
survival decreased with increasing proximity to an edge. The mechanism behind this 
relationship was not clear. I suspected that an increased rate of predation or an increased 
abundance of predators close to edges was creating this edge effect, but I could not rule 
out the possibility that habitat characteristics were driving the relationship. For example, 
if vegetation composition near edges differed from that of the park interior such that 
fledglings were not able to conceal themselves adequately from predators, then 
differences in vegetation would likely be responsible for decreased fledgling survival, not 
an increase in predators near edges. In this chapter, I presented evidence that three of the 
five habitat PC axes did, in fact, vary with distance to park edge. However, after 
controlling for distance to park edge, none of the vegetation characteristics were 
significant predictors of fledgling survival. Thus, while the vegetation does vary with 
distance to edge, it does not influence fledgling survival, and the edge effect cannot be 
attributed to changes in vegetation. Because 100% of fledgling mortality was attributed to 
predators, an increased rate of predation near edges remains the most likely mechanism 
for the edge effect experienced by fledgling towhees. 
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TABLES AND FIGURES 
TABLE 3.1. Principal components for habitat variables measured during vegetation surveys of Spotted 
Towhee nest locations, Spotted Towhee fledgling locations, and random locations in an urban park in Lake 
Oswego, Oregon, 2008-2009. Habitat variables with factor loadings in bold are considered with each 
component in further analyses. 
 PC1 PC2 PC3 PC4 PC5 
% Variance Explained 22.8 16.5 12.6 8.6 6.3 
Cum. % Variance Explained 22.8 39.3 51.9 60.5 66.8 
Eigenvalue 3.878 2.811 2.135 1.468 1.064 
Canopy  -0.026 0.287 0.091 0.579 -0.223 
Low density  0.769 0.019 -0.512 -0.087 0.011 
High density  0.739 -0.011 0.469 -0.052 -0.062 
Total density  0.949 0.009 -0.162 -0.092 -0.022 
Total Natives 0.378 0.777 -0.315 -0.098 0.191 
Total Non-Natives 0.528 -0.753 -0.032 0.223 -0.008 
Diversity 0.087 0.302 0.386 0.393 0.502 
(ln)Dead Leaves 0.513 0.081 -0.340 -0.051 -0.303 
(ln)Dead Wood 0.445 0.162 0.487 -0.232 -0.376 
(ln)English Ivy 0.329 -0.580 -0.225 0.497 0.250 
(ln)Himalayan Blackberry 0.311 -0.449 0.210 -0.572 0.140 
(ln)English Holly 0.469 -0.096 0.257 0.419 -0.365 
(ln)Beaked Hazelnut 0.307 0.534 0.234 0.052 0.143 
(ln)Indian-Plum 0.379 0.054 0.519 0.171 0.133 
(ln)Salal -0.176 0.562 0.187 0.037 -0.320 
(ln)Snowberry 0.419 0.283 0.248 -0.187 0.362 
(ln)Sword Fern 0.284 0.448 -0.661 0.158 0.022 
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TABLE 3.2. Results of ANOVAs that compared habitats used by Spotted Towhees for nest and fledgling 
locations, and random locations, and results of t-tests that compared successful and failed nest locations and 
surviving and non-surviving fledgling locations for five principal components that summarize habitat 
variables. 
 PC1 PC2 PC3 PC4 PC5 
Nest Locations -0.206 ± 0.098 0.235 ± 0.131 -0.235 ± 0.129 -0.170 ± 0.126 0.278 ± 0.132 
Fledgling 
Locations 
0.929 ± 0.080 -0.232 ± 0.134 0.455 ± 0.095 -0.161 ± 0.143 -0.164 ± 0.120 
Random 
Locations 
-0.599 ± 0.141 -0.112 ± 0.132 -0.103 ± 0.153 0.395 ± 0.125 -0.237 ± 0.137 
ANOVA F = 46.993 
P < 0.001 
F = 3.524 
P = 0.032 
F = 7.464 
P = 0.001 
F = 5.617 
P = 0.004 
F = 4.797 
P = 0.009 
Post-Hoc Tests      
Nests vs. 
Random 
P = 0.027 P = 0.151 P = 0.747 P = 0.007 P = 0.016 
Nests vs. 
Fledglings 
P < 0.001 P = 0.037 P = 0.001 P = 0.999 P = 0.050 
Fledglings vs. 
Random 
P < 0.001 P = 0.826 P = 0.015 P = 0.017 P = 0.931 
Successful Nests -0.197 ± 0.117 0.164 ± 0.176 -0.139 ± 0.173 -0.248 ± 0.163 0.353 ± 0.171 
Failed Nests -0.221 ± 0.176 0.359 ± 0.189 -0.401 ± 0.186 -0.035 ± 0.200 0.148 ± 0.209 
t-test for Nest 
Fate 
t = -0.116 
P = 0.908 
t = 0.717 
P = 0.476 
t = -0.982 
P = 0.329 
t = 0.811 
P = 0.420 
t = -0.746 
P = 0.459 
Fledgling 
Survivors 
0.945 ± 0.099 -0.203 ± 0.172 0.412 ± 0.111 -0.180 ± 0.182 -0.276 ± 0.137 
Fledgling Non-
survivors 
0.890 ± 0.132 -0.305 ± 0.191 0.566 ± 0.183 -0.110 ± 0.217 0.121 ± 0.229 
t-test for 
Fledgling Fate 
t = -0.307 
P = 0.760 
t = -0.341 
P = 0.735 
t = 0.732 
P = 0.468 
t = 0.218 
P = 0.829 
t = 1.513 
P = 0.138 
Principal component values for 68 nests (43 successful and 25 failed), 46 fledglings (33 survivors and 13 
non-survivors), and 48 random locations were included in these analyses. Values given are means ± SE. 
There were 2 df for ANOVAs, 66 df for Nest Fate t-tests, and 44 df for Fledgling Fate t-tests. 
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FIG. 3.1. The relationships between five principal components that summarize habitat variables and 
distance to the nearest edge in an urban park in Lake Oswego, Oregon, 2008-2009. (A) β = -0.004 ± 0.003, 
t = -1.310, df = 160, P = 0.192. (B) β = 0.006 ± 0.003, t = 2.336, df = 160, P = 0.021. (C) β = -0.008 ± 
0.003, t = -3.014, df = 160, P = 0.003. (D) β = 0.008 ± 0.003, t = 2.964, df = 160, P = 0.003. (E) β = -0.002 
± 0.003, t = -0.852, df = 160, P = 0.396. Curved lines indicate 95% confidence intervals. 
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FIG. 3.2. Mean values of principal components 1-5 for Spotted Towhee nest and fledgling locations, and 
random locations in an urban park in Lake Oswego, Oregon, 2008-2009. (A) Locations with high PC1 
values had denser vegetation between 0-2 m from the ground than locations with low PC1 values. (B) 
Locations with high PC2 values had more native vegetation (particularly Beaked Hazelnut, Salal, and 
Sword Fern) and less non-native vegetation (particularly English Ivy and Himalayan Blackberry), and were 
more diverse than locations with low PC2 values. (C) Locations with high PC3 values had less dense low 
vegetation, had more dense high vegetation, and had fewer total natives, but were more diverse than 
locations with low PC3 values. (D) Locations with high PC4 values had greater canopy cover, more 
English Ivy and English Holly, but less Himalayan Blackberry, and were more diverse than locations with 
low PC4 values. (E) Locations with high PC5 values were more diverse, had more Snowberry, and had less 
abundant dead leaves, dead wood, Salal, and English Holly than locations with low PC5 values. A, B, C 
coding indicates significant differences at the α = 0.05 level. Error bars represent SE. 
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CHAPTER 4: Conclusions 
In Chapter 2, I showed (and corroborated the results of Bartos Smith et al. 2011) 
that towhee nests near park edges produced more and heavier fledglings than nests in the 
park interior. While this shows that edges are not inherently poor habitat and may be 
associated with increased food resources, any benefits towhees may have gained by 
nesting near edges were reversed during the postfledging period. Fledglings that were 
often found near edges (and that spent more time outside of the park) were more likely to 
die during the first 30 days out of the nest than fledglings found deeper in the park. 
Domestic cats and Western Screech-owls were implicated as major predators of 
fledglings. This apparent preference for nesting near edges, combined with high mortality 
during the postfledging period, indicates a particularly deceptive (for researchers) 
ecological trap. The vast majority of research conducted on birds to determine habitat 
needs ends after young leave the nest. By this measure, edges would be deemed good 
habitat for towhees. Only after following fledglings was I able to see that edge habitat can 
be detrimental overall to towhee populations. This highlights the importance of not 
placing undue weight on nesting habitat when evaluating a species’ habitat needs. 
In Chapter 3, I presented evidence that fledglings use habitat that has vegetation 
characteristics that are different than those found at both towhee nest sites and random 
locations in the park. In particular, fledgling towhees used habitat that was significantly 
more structurally dense than both nests and random locations. This denser vegetation 
may provide fledglings with an important source of protection from predators. In 
addition, fledglings used habitat that had significantly more non-native vegetation, 
particularly Himalayan Blackberry and English Holly, than nest sites. Himalayan 
 70 
Blackberry was also associated with habitat near the park’s edge. English Ivy seemed 
to be completely unusable for towhees, and neither towhee nests nor fledglings were 
likely to be found in it. Additionally, while towhees may select nest sites that are close to 
edges because they are attracted to abundant food resources, the increased presence of 
dense Himalayan Blackberry cover near edges may encourage towhees to remain near 
edges with their fledglings, even though edges ultimately proved dangerous for 
fledglings. The presence of Himalayan Blackberry near edges may increase the 
attractiveness of the habitat, potentially adding to the severity of this ecological trap for 
towhees. 
While fledgling habitat differed from that of nest sites and random locations in the 
park, vegetation characteristics did not influence either nest success or fledgling survival. 
Three of the five habitat PC axes varied with distance to edge, but after controlling for 
distance to edge, the habitat variables did not influence fledgling survival. Therefore, the 
edge effect experienced by fledgling towhees is directly attributable to increased rates of 
predation near edges, presumably because of greater predator abundance or activity, and 
is not an artifact of differences in habitat composition near edges. 
Together, these two chapters provide important new information about how birds 
use habitat in urban areas and how they are affected by changes in predation pressure, 
introduced species, and increasing edge habitat resulting from fragmentation. The results 
of both chapters highlight the importance of taking into consideration more than one 
stage of the life cycle of a species when determining its habitat needs. 
Increased predation of fledglings near edges, particularly by cats, contributes to 
high fledgling mortality and may limit the potential for urban parks and greenspaces to 
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function as sources instead of sinks and provide quality habitat for birds. The 
combination of increased habitat attractiveness, possibly created by backyard birdfeeders, 
and the increased presence of domestic cats (often in the same backyard) may create an 
exceptionally deadly situation for young birds. Additionally, the spread of non-native 
invasive plant species may be eliminating habitat needed by both nesting and fledgling 
birds. 
Several management strategies could be utilized to maximize the potential for 
urban parks to provide quality habitat for birds. To limit the numbers of young birds 
killed by domestic cats, public education should be a priority. Keeping cats inside, 
particularly during the spring and summer months (May-August) when fledglings are 
about, should be emphasized. While giving birds supplemental food may be beneficial 
(for both humans and birds), having both birdfeeders and outdoor cats in the same 
backyard or area should be strongly discouraged. 
In many areas where Himalayan Blackberry, English Ivy, and English Holly are a 
problem, efforts are being made by various groups and organizations to remove these 
invasive species and restore native vegetation. Based on my results, English Ivy removal 
should be prioritized over the removal of Himalayan Blackberry and English Holly. 
While ivy seemed to be completely useless for both nest sites and fledgling habitat, 
blackberry and holly could at least provide protective cover for fledglings. Removing ivy 
from urban parks and planting native vegetation in its place may drastically increase the 
amount of quality habitat that is available to birds away from dangerous park edges. In 
some areas, holly was often found interspersed with ivy. When removing the ivy, holly 
trees could be left intact and removed after native vegetation had replaced the ivy. This 
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would provide temporary “islands” of cover that fledglings could utilize when moving 
through the park. 
My results hint at various directions for future study. In particular, it would be 
useful to replicate this study in another species that uses birdfeeders and has vulnerable 
fledglings. When cats are present at edges, I predict that a similar ecological trap would 
manifest for other bird species. It may also be interesting to replicate this study in parks 
with and without coyotes. Coyotes may limit cat numbers, and thus fledgling survival 
may improve with a greater number of coyotes. Finally, to determine if birdfeeders 
contribute to the creation of an ecological trap by attracting towhees to park edges, 
birdfeeders could be placed at regular intervals throughout the park, beginning in the 
winter (well before nest sites are chosen). If this experiment were to be conducted, I 
predict that (1) there will be no association between park edge and nest placement, (2) the 
number of fledglings produced per nest will not be related to distance to park edge, (3) 
nestlings will not be heavier near park edges, (4) fledgling survival will still be lowest 
near park edges, but (5) the overall fledgling survival rate for the park will be higher. 
More study could further elucidate the effects of providing supplemental food to birds, 
continue to help us understand how our actions affect bird and other animal populations, 
and provide additional ideas for how to make parks and greenspaces more suitable 
habitat. 
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